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Construction of a third general rapid- 
transit subway system was begun by 
New York City in March 1925 and is 
proceeding under high pressure. Con- 
tracts for about $100000000 of con- 
struction have been let to date (June 
1926). This undertaking is one of the 
most remarkable governmental construc- 
tion enterprises in history, its cost being 
greater than that of any other single 
municipal undertaking known. Its fix- 
ed structure will cost more than 
$400 000000, and nearly $200000 000 
will be required for equipment and other 
expenditures. The system reaches out 
into four of the five boroughs of the city 
and will about double New York’s sub- 
way facilities. 

Many remarkable features are found 
in the work apart from size and cost. 
Present-day conditions make much 
more severe demands on the subway 
designer and builder than those of 
25 years ago, when the first subway line 
in the city had just been put under con- 
struction. Natural and artificial obsta- 
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cles — underground structures, narrow 
streets, crossings with other subways 
and tunnels as well as with aqueduct 
lines and large sewers -—— control the 
design at a great many points, iand the 
location planning and structural design 
involve formidable problems in conse- 
quence. Special considerations of oper- 
ating flexibility and of the passenger’s 
convenience led to the adoption of a 
track arrangement involving several 
cases of complicated interweaving of 
tracks by over and undercrossings. 
Two-level construction is required in a 
number of streets, and three levels occur 
at several crossings. These and other 
comparisons with earlier subway work 
give the present system special technical 
interest. 


Growing traffic demand. — Rapid- 
transit demand in New York City has 
grown steadily since the first subway 
lines were put into operation in 1904. 
For about 25 years prior to that time, 
the city had been served by elevated 
railways, which through gradual exten- 
sion had increased to about 82 miles of 
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structure, carrying about 194 miles of 
track. The subway system added 23 
miles of structure with about 70 miles 
of single track, extended within the next 
few years to a total of 76 miles of track. 
At that time, the elevated railways were 
operating at an extreme congestion in 
the rush hours, a condition made worse 
by the interference caused by change 
from steam locomotives to multiple-unit 
electric cars, then in progress. The new 
subway lines, however, reached a sub- 
stantially similar condition of crowd- 
ing within five or six years, and long 
before 1913, when the second system of 
subways was placed under construction, 
conditions had become _ intolerable. 
‘his second system, totaling 102.2 route 
miles (partly subway and partly elevated) 
or 341.7 single-track miles, was much 
delayed in completion by the war; in 
consequence, when jit was opened to 
traffic in 1918, it relieved conditions for 
only a short time, and soon was as fully 
taxed by the growing traffic as the old 
lines. 


It was at once evident that an imme- 
diate beginning should be made on fur- 
ther extension of the system, not only 
to relieve existing traffic congestion but 
also to open up new suburban residen- 
tial territory to permit spread of the 
population. Moreover, the city’s busi- 
ness habits had in the two preceding 
decades largely readjusted themselves 
on a. rapid-transit basis, as the great 
decrease in surface-car traffic made 
evident. Thus, the growth of rapid- 
transit demand was dependent not only 
on increase of population and built-up 
area, but also on increased rapid-transit 
demand per capita. Present rapid-tran- 
sit traffic is about 270 rides per capita 
per year, as against 180 surface-car 
rides per capita (total rides 450 per 
capita). Of the rapid-transit traffic 
about 60 to 65 % is subway and the 
remainder elevated. 


Under the pressure of the obvious 
demand, planning for rapid-transit ex- 


tension went on in various forms and in 
the face of many financial and political 
difficulties, until two years ago, when 
the city authorities agreed on the Cen- 
tral Park West line, one of the impor- 
tant elements of the system now being 
built. Continued planning finally led to 
the adoption, in May 1925, of a com- 
prehensive system composed of a double 
trunk in the midtown section of the 
Borough of Manhattan with five arms 
reaching out, respectively, to Upper 
Manhattan, western Bronx, southern 
and central Brooklyn, and the Queens- 
Jamaica region. With but minor modi- 
fications, mainly in the arrangement of 
lines serving the central Brooklyn area, 
this is the system now being built. 


General routing —- When the earlier 
subway systems of New York were laid 
out, the business center responsible for 
creating the traffic peaks was located 
on the southern tip of Manhattan Island, 
south of City Hall. Since then develop- 
ment of the midtown section, 23rd to 
59th Streets, has made this section, 
relative to traffic, an important compe- 
titor of the Wall Street section. The 
shift of business location and daytime 
activity has an important influence on 
the layout of the new system. Whereas 
in the earlier systems the lines from 
Brooklyn and from the northern parts 
of Manhattan and Bronx Boroughs led 
as directly as possible to the Wall Street 
neighborhood, where the principal dis- 
tribution and pick-up of passengers was 
looked for, the new system centers in a 
double midtown ‘trunk line extending 
from 53rd Street south to 8th Street, 
through Eighth Avenue and Sixth Avenue. 

This arrangement was adopted in 
spite of the remarkable difficulties fac- 
ed by additional subway construction in 
Sixth Avenue. The street is already 
occupied by an elevated-railway struc- 
ture; below ground is the double-track 
subway and tunnel line of the Hudson 
& Manhattan Railway,.and in the worst 
section, extending from 31st to 34th 
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Streets, there cross the Broadway subway 
line of the B. M. T. (Brooklyn-Manhattan- 
Transit Corporation) system and (con- 
siderably deeper down) the crosstown 
tunnels of the Pennsylvania Railroad in 
31st and 33rd Streets. At this crossing 
point therefore, the new Sixth Avenue 
subway must be placed at such depth 
below surface that it will pass over the 
Pennsylvania tunnels and under the 
other two subways. 


At its northwest corner the double 
trunk line, united by a 53rd Street link, 
connects with the Central Park West 
line already mentioned as the first to 
have been determined upon, This line 
extends up Central Park West, Eighth 
Avenue and St. Nicholas Avenue to 156th 
Street, branching thence 1) eastward to 
a tunnel crossing of the Harlem River 
and through 162nd Street to the Grand 
Boulevard, along which it extends north 
to Bedford Park Boulevard, and 2) 
north through St. Nicholas Avenue and 
Fort Washington Avenue to the Harlem 
River ship canal — the northern end of 
Manhattan Island, within about three 
miles of the northern city line. 


The north end of the midtown trunk 
section also has an easterly connection 
in 53rd Street with a line extending 
across the East River and some 10 miles 
east to Jamaica, running mainly through 
Queens Boulevard and Hillside Avenue, 
principal traffic arteries of the central 
part of the borough of Queens. Much 
of this line taps territory now lacking 
rapid-transit service, though well cross- 
ed by lines of the Long Island Railroad. 
The latter road has for some years past 
complained that its terminal facilities 
are insufficient to care for the traffic 
originating within the city, and has 
urged that the city should provide its 
own rapid-transit lines to deal with this 
traffic. The new Jamaica line as well 
as the Flushing extension (just being 
completed) of the present Queens ele- 
vated lines will take care of this diffi- 
culty. 


At the south end of the midtown sec- 
tion two other lines lead southward and 
eastward respectively, branching from 
a short eight-track section developed by 
the meeting of the Sixth and Eighth Ave- 
nue lines. The southerly route passes 
down along Sixth Avenue extended (not 
yet opened up) and Church Street to Ful- 
ton Street, turning here to cross the East 
River to a junction with the easterly 
branch, which traverses the densely 
populated lower East Side. Two exten- 
sions into Brooklyn extend eastward 
along a main population axis, and south- 
eastward to a junction with the existing 
Gravesend Avenue elevated-railway line 
of the Brooklyn-Manhattan-Transit sys- 
tem, which under the city’s contract 
with that company may be recaptured 
and integrated with the new system. 


Track arrangement and crossings. — 
With a view to developing full capacity 
of all the main tracks of the system, 
the branching and crossing points have 
in general been developed by the con- 
struction of diverging subways which 
cross over or under the main tracks. 

The complex crossing layouts occur- 
ring at the north and south ends of the 
midtown trunk section are shown in per- 
spective drawing on figures 3 and 7. It 
may be seen from these views how the 
intermeshing of lines serves to compli- 
cate and increase the cost of the system. 


Special track arrangement. Most of 
the new network consists either of four- 
track or of two-track line. In the form- 
er, normally the two central tracks are 
intended for express servicé and: ‘the 
outer tracks for local service. However, 
in order to serve the public’s conve- 
nience, this arrangement is departed 
from in certain sections; in other sec- 
tions the street is too narrow to accom- 
modate four tracks side by side, requir- 
ing double deck arrangement. 

A prominent instance occurs on the 
Eighth Avenue line, now under contract. 
This line extends for a distance of 
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Fig. 4. — New York’s rapid-transit lines, old and new. 
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Fig. 2, — Some special track arrangements. 
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5. — Normal steel-frame box construction. 


2 1/2 miles along the west side of Cen- 
tral Park, and here all the tributary traf- 
fic lies to the west. Since no express- 
train stops are provided in this section, 
convenient use of the local tracks has 
been facilitated by shifting these two 
tracks to the west side of the structure. 
At both ends of this section, the tracks 
are deflected over and under each other 
(eliminating crossings at grade) to re- 
sume normal position. Farther north on 
this line local tracks are above the ex- 
press tracks in double-deck structure. 

In general design, the new subways 
follow closely the practice established in 
the first subway system. Experience 
led to some important changes, however. 
Most of these changes were incorporat- 
ed in the design of the second systein, 
built from 1913 to 1920, and the present 
lines are closely similar to the latter in 
structure. 


Important changes from prior designs. 
— In the first subway system the local 
stations were originally built 200 feet 
long and the express stations 350 feet 
long, to permit operation of 5-car local 
trains and 8-car express trains. There- 
after the local stations were lengthened 
to 225 feet to permit operating 6-car 
lecal trains and the express stations 
were lengthened to from 435 to 480 feet 
to permit the operation of 10-car trains. 
In the second subway system the maxim- 
um platform lengths were 480 feet for 
I. R. T. (Interborough Rapid Transit 
Company) operation and 530 feet for 
B. M. T. operation; ithe 530-foot length 
permits the B. M. T. to operate 8-car 
trains (the B. M. T. car is about 67 feet 
long, whereas the I. R. T. car is about 
52 feet long). The new system, as noted 
later, will have 600-foot platforms, 

Due to the great lengths of the stations 
of this second subway system, the plan 
was initiated of having entrances at 
both ends of stations. In the work on 
the new lines two and even more con- 
trols will be provided for the stations. 
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Fig. 6 — Typical plan of ventilation facilities. 
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Fig. 7. — Junction of Sixth and Eighth Avenue trunk lines 
with 53rd Street line to Queens. 
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Long mezzanines are to be provided 
where feasible, with a number of nar- 
row stairways between the platform and 
mezzanine, to make walking along plat- 
forms unnecessary, so far as possible. 

In the first subway system some venti- 
lation construction was added after the 
line was completed, In the second sub- 
way system definite provision was made 
for change of air, to be accomplished 
normally by the piston action of trains 
and when necessary by fans to be used 
in emergency when trains are stopped. 
In the third or new system, this plan is 
being followed with only slight modifi- 
cation from the second system. 

On the first svstem, ballasted track 


and Central Park West. 
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he s : was used everywhere. On the second 
|. 8/5 zs system ballasted track was used every- 
Se ss where except at stations, where a con- 
hae s aS creted type of track was used. On the 
89 Ih ae new lines it is proposed to use the con- 
if s ES crete type of track everywhere, except 
Soe possibly at special work requiring bal- 

S lasted track. 


Intense study has been given to avoid- 
ing delays in train operation due to 
track layouts. To reduce to a minimum 
delays due to transfer, a greater number 
of express stations are located in the 
midtown district. In order to get wider 
platforms within the limits of the 
100-foot streets, tandem stations are to 
be built at certain strategic points. By 
this means platforms from 30 to 36 feet 
wide will be possible at the 42nd Street 
station on Eighth Avenue, instead of the 
more usual 22 to 24-foot width. The 
southbound platform will extend south 
of 42nd Street to 40th Street, and the 
northbound platform north of 42nd 
Street to 44th Street. A mezzanine will 
extend over the entire structure from 
40th to 44th Streets. 


Fig. 9. — Special construction at sewer and aqueduct crossings. 
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. Sewer crossing between subway deeks at 39th Street and 8th Avenue. 


General structural type. — Rectangu- 
lar steel-frame box construction, as used 
in the first subway system, is retained 
as the general type. Experience has 
shown it to be satisfactory in all 
respects, well adapted to speed and con- 


Steel-frame box construction, typical of new system as well as its predecessors. 
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venience of construction, and free from 
service troubles or the development of 
weaknesses. Where the line is at consi- 
derable depth below the surface in solid 
rock concrete-lined tunnels are used, 
and at river crossings circular cast-iron- 
lined shield-driven tunnels, 

The normal ‘structure, exemplified by 
a drawing (fig. 5), is somewhat larger 
than the first subway line and part of the 
second. The dimensions originally used 
were 13 feet clear height from base of 
rail and 12 ft. 6 in. track spacing. In 
the lines of the second system, the clear 
height was increased to 13 ft. 2 in. (ex- 
cept for 15 feet in Fourth Avenue, Brook- 
lyn, and in the Center Street loop), while 
the track spacing on ‘the lines of the 
Brooklyn Company (B. M. T.) of the sec- 
ond system was increased to 13 fit. 6 in. 
to admit larger cars. These dimensions 
of 13 ft. 2 in. height and 13 ft. 6 in. track 
spacing are used also in the new system. 

The framework consists of steel trans- 
verse bents, with columns in the side 
walls and between tracks carrying a 
transverse roof beam 18 to 24 inches 
deep in single-track lengths. "The co- 
lumns rest on concrete pedestals formed 
into continuous longitudinal footing 
walls under each row of co!umns. Ho- 
wever, where the floor of the structure 
is below ground-water level, the floor 
is designed as a reinforced-concrete slab 
of sufficient strength to resist hydro- 
static pressure and to distribute the 
loads of the structure through substanti- 
ally the entire floor area. The typical 
roof-load distribution assumed in the 
design as well as the size and axle load- 
ing of the typical subway cars are indi- 
cated on figure 6. 


Design loading and stresses. — A 
statement of the essential design data 
was given in unusually informing man- 
ner recently before the Municipal Engi- 
neers Society of New York by A. I. Rais- 
man, Division Engineer in charge of 


design for the Board of Transportation : 


« Subway Loading. — The subway is 
in general designed to carry the dead- 
load above it and a live-load of at least 
600 lb. per square foot. Under the road- 
way the structure is made strong enough 
to permit the operation of 100-ton trucks 
with axles spaced 12 feet centers and 
with wheels of 6-foot gage. The spe- 
cifications provide that the structure be 
sufficient to carry the heaviest trolley 
cars — the maximum being the 50-ion 
ash car, 38 feet long. The 100-ton truck 
in general gives greater loading than the 
trolley car. The assumption is made 
that the pavement distributes the wheel 
load over an area of 2 x 2 feet and that 
the load is spread out through the earth 
below at an angle of 30° with the verti- 
cal. Asa result of a study of this matter 
it is found that a loading of 1500 lb. per 
square foot to include dead-and live- 
load is a good compromise figure for 
depths of cover up to 9 feet from the 
underside of roof to the street surface, 
and that is the usual basis of design. 

« This live-load has been considered 
rather high by some engineers who are 
used to the design of bridges. I recall 
that in the Cambridge subway a live- 
load of from 200 to 300 Ib. was consi- 
dered sufficient. The most direct illus- 
tration to combat this position is a pict- 
ure showing brick or other building 
materials piled up 8 or 10 feet high in 
front of a building under construction. 
This represents a loading of 1000 to 
1 200 Ib. per square foot. It is thought 
that the use of a street should not be 
limited by reason of the construction of 
a subway beneath it. 

« It might be interesting to state here 
that when the first subway was built the 
assumed live-load was varied, depend- 
ing upon the character of the neigh- 
borhood. The section north of 59th 
Street was expected to remain entirely 
residential and a live-load of 500 lb. was 
considered sufficient. South of 59th 


‘Street, in the « medium » business dis- 


Ack Fig. 144. — Subway construction facilitated by modern machinery. 


Power shovel excavating under timber street deck. 


Sebway pads 


BMT ene Car 


Fig. 12. — Roof-load and car diagram. 


were designed for 1000 lb. and the side 
spans for 1 135 lb. per square foot. These 
heavier loadings for side spans were 
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cover increased beyond 5 feet, < 
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believed that the present assumptions 
are satisfactory and should be continued. 
At least the distinction between residen- 
tial, medium and heavy business dis- 
tricts was completely upset by later 
growth. 

« A fiber stress of 20 000 lb. per square 
inch is permitted for steel in bending. 
Where the compression flanges are firm- 
ly embedded in concrete so as to make 
practically a reinforced-concrete struc- 
ture a stress of 25 000 Ib. is permitted. 
In columns the permissible stress varies 
in accordance with a straight-line for- 
mula with a maximum of 14 000 lb. per 
square inch. These high stresses are 
permitted in view of the very heavy 
loads that are assumed. However, it 
should be noted that it is the present- 
day tendency to increase the allowable 
stresses. The American Society commit- 
tee recommended an increase from 
15 000 to 20000 Ib. 

« Here it might be of interest to note 
that on two or three occasions, as the 
result of derailment, from two to six 
intermediate columns have been knock- 
ed out, without apparently doing any 
permanent damage to the subway. The 
beams or girders are not in general 
spliced over the columns to transmit 
bending, but when the columns were 
gone the roof remained stationary in 
spite of our usual ideas on the subject. 
The natural assumption is that an arch- 
ing effect took place in the pavement, in 
ihe earth fill with its pipes, etc., and 
also in the steel and concrete of the roof, 
which carried the load over to the adja- 
cent solid supports. Naturally also, as 
soon as the accident occurred the street 
traffic was roped off of the area above 
and speedy efforts were made to put in 
temporary supports. > 


The track loading from subway trains 
amounts to about 1 ton per linear foot of 
track, 

The steel framework as described con- 
tains no longitudinal steel members 
except at stations. The bents thus are 


quite independent, which is held to be 
an advantage in construction, as it per- 
mits a considerable variation of the po- 
sition of bents if local conditions make 
this desirable. The side walls and the 
roof are formed of jack arches of con- 
crete between the columns and _ the 
transverse beams, with crown thickness 
of 7 inches. Waterproofing (used only 
on the roof and below water level) is 
applied outside of this thickness and in 
turn is protected by a layer of concrete 
or (where the water pressures are high) 
by 4 to 8 inches of brickwork laid in 
mastic. These features of construction 
are substantially identical with those of 
the first subway. However, the knee- 
braces then provided to stiffen the con- 
nection of roof beams to columns are 
not used in the present design, and the 
bulb-angle columns of the first subway 
are replaced by built I-columns of plates 
and angles. 


Concrete partition walls are built 
between tracks of opposite traffic direc- 
tion (except at stations, crossovers and 
other special points). Near switches a 
wall is also constructed in the interme- 
diate columin line, for protection to the 
structure in case of derailment. The 
central partition wall was not used in 
the first subway system but was adopted 
in the second, as an aid in ventilation, 
to make the piston action of the trains 
effective in moving the air toward the 
ventilation outlets. 

Duct benches about 2 feet wide and 
4 feet high are constructed along either 
side wall, extending to car floor level. 
The top of these benches is available 
for use as a walk in case of an interrup- 
tion to train service, when passengers 
must be allowed to leave stalled trains. 
These benches increase the width of the 
structure only slightly, as they can be 
built close to the car clearance line or 
about 5 ft. 5 in. from track center, which 
is 13 to 18 inches less than the required 
side wall clearance. 

A complete system of ventilation in- 
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lets near the stations and outlets with 
exhaust fan chambers midway between 
stations is provided just as in the second 
subway system. The absence of ade- 
quate ventilation provision in the first 
subway system led to much trouble from 
excessive heat in the subway atmos- 
phere in summer, and this was the rea- 
son for the design of the ventilating 
facilities in the second system. It has 
been found entirely successful and is 
retained in all essentials. Change of air 
every 15 minutes is desired, requiring 
usually about 800 square feet of open- 
ings at each station and midway 
between. Gratings over the openings 
are given 5() % excess area. A typical 
case oi the ventilation arrangements is 
sketched in diagram plan on figure 6. 


Special problems. —- Many special 
structural problems have arisen from 


the various complicating conditions 
affecting the new system. In Sixth 


Avenue it is planned to arrange the tracks 
of the new systein alongside and below 
the level of the Hudson & Manhattan 
subway. At many points sewers, aque- 
ducts and other subsurface structures of 
large size must be accommodated, for 
which purpose various expedients are 
resorted to, as illustrated for the aque- 
duct crossing at 92nd Street and Central 
Park West and two sewer crossings. 


Track. — Short block ties set in con- 
crete are to be used for rail support 
throughout the new system, as compar- 
ed with the ballasted track construction 
used throughout the first subway sys- 
tem and on most of the second system. 
In the latter, short block supports were 
used at stations, and the construction has 
been found so satisfactory as to lead to 
its adoption as standard. 


Operating plan and stations. — The 
general operating plan of the existing 


subway systems — to provide by sepa- 
rate tracks for two types of traffic, 
express and local — is retained in the 


new system. An effort has been made, 


‘however, to correct some of the defects 


of this operating plan as it has develop- 
ed in practice on the older systems. The 
local trains now rarely carry full load 
or operate at maximum track capacity. 
Further, there is so heavy a traffic inter- 
change between local and express trains 
at the interchange stations as to slow 
up the movement of express traffic and 
therefore to reduce the capacity of the 
express ittracks. Both effects cut down 
the carrying capacity of the system, and 
both are believed to be due in part to the 
rather close spacing of express stations 
and to the fact that the station layout faci- 
litates interchange. The new system has 
been designed with longer station spac- 
ing, both express and local, except that 
in the midtown district almost all stations 
are express stations, so as to avoid long 
transfer stops in the congested districts. 
A great deal of study is being given to 
the problem of providing commodious 
facilities for passengers’ transfer at 
points where lines intersect or join. 


An operating plan for the five-branch- 
ed system has not been fully worked out, 
but it will necessarily be complex. 
Care has been taken to lay out the sys- 
tem with such track interconnections 
and arrangements as to suit. various 
schedules of operation. In particular 
the effort has been made to avoid bring- 
ing two tracks itogether into ‘one or other- 
wise reducing the track capacity of 
the system at any point. This is not 
everywhere possible, as where the three 
tracks from the Grand Concourse and 
the four tracks on the upper Broadway 
line merge into four of the Central Park 
West stem. 


Much care has been given to station 
layout, with a view to both convenience 
and maximum capacity. Operation of 
the older subway lines led to repeated 
increase in length of trains, requiring 
a large amount of costly extension of 
station platforms. _ Ten-car trains are 
the longest now operated in express ser- 
vice, and six-car trains in local’ service. ~ 
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Operating engineers believe that the 
length of express train cannot be in- 
creased greatly without developing me- 
chanreal and electrical limitations, and 
that a train length of 14 or 15 cars will 
probably be found the maximum with 
present equipment. The stations on the 
new system have been laid out with 
-600-foot platforms, capable of being ex- 
tended to 660 feet, to accommodate 
respectively 12 cars and 14 cars of 
50 feet. So far as possible no stations 
are placed on curves, in which respect 
the present practice differs radicaily 
from that followed in the layout of the 
first subway, whose important stations 
are nearly all on curve. However, track 
radii of 2 000 feet or over are considered 
permissible at station platforms. 

To facilitate train movement, any 
necessary crossovers between tracks are 
placed preferably at the leaving ends 
of stations rather than at the entering 
ends; and waiting trains are sorted for 
outbound tracks. 


Alignment details. — In general, the 
attempt is made to limit curves on the 
new lines to 2 300-foot radius, without 
transition. However, for turning sharp 
corners, spiraled curves down to 600-foot 
radius are considered permissible, and 
at the tightest places radii as low as 
350 feet have been used. In the original 
subway radii as small as 147.25 and 
180 feet were permitted. Grades are kept 
below 3 % where possible, but this rate 
is exceeded at some very difficult points. 
In the earlier subways, maximum grades 
up to 4.5 and 5.3 % occur on the river 
approaches. 


Progressive construction. — Largely 
because the Washington Heights-Central 
Park West route was first approved by 
the city authorities, construction began 
on this line, the first work being initiat- 
ed about a vear ago. At the present 
time, 17 contracts have been let for con- 
struction, covering the entire west side 
of the central loop and the Manhattan 


stem extending north from it to Har- 
lem ship canal. The contract prices 
average around $2000000 per track- 
mile in Central Park West, $2500 000 
per track-mile in St. Nicholas Avenue 
and Fort Washington Avenue and 
$2 750 000 per track-mile in Eighth Ave- 
nue, with an overall average somewhat 
over $10 000000 per mile of four-track 
structure. These figures include station 
finish and roadbed, but no third rail or 
signals or other equipment. 


In view of the great magnitude of the 
work required to construct the entire 
system, careful thought has been given 
to the feasiblity of operating successi- 
vely completed portions as integral units 
for the time being. The Board of Trans- 
portation believes that the Washington 
Heights and Eighth Avenue line down to 
the southern end of the present contracts 
in the neighborhood of Eighth Street 
can profitably be operated before other 
parts of the system are completed. This 
would not have been possible 20 or even 
15 years ago, as the rush-hour traffic 
then sought the lower end of the city, 
but at present one-half to two-thirds of 
the traffic centers in the midtown sec- 
tion. The next work may follow on the 


- line leading south to the Fulton Street 


crossing of the East River and on the 
53rd Street crosstown line leading to the 
Jamaica connection. Operation of the 
initial line can be extended to these 
lines without difficulty. 


Relation to present lines. — The essen- 
tial plan of the new system is that it 
shall be an independent self-contained 
rapid transit network. However, the 
design is such that it could be operated 
by one of the present operating com- 
panies (Interborough Rapid Transit Co., 
mainly in Manhattan; Brooklyn-Manhat- 
tan Transit ‘Corporation, mainly ‘in 
Brooklyn) or by a third private corpora- 
tion. 


Cost and Financing. — The estimat- 
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ed total cost of the system is summariz- 
ed in the table hereafter. The estimate 


as well as contract prices are more than 
double pre-war costs. 


Prospective cost and earnings of new subway system of New York City. 


Cost : 


Line, stations, track, yards, shops and buildings 
Kquipment, including buildings, for power system. 
Real estate for construction and equipment . 


Culver line recapture. 
New culver terminal. . . 
Administration and engineering 


Total, excluding interest during construction. 


Traffic : 
Passengers per year, estimated. 
Income : 


From operation at d-cent fare . 
Other income . 


Motaley 


Less operating expense . 


Net operating income, available for capital charges . . . . . . $ 


The first subway system was built 
under a construction and operation con- 
tract as a result of public bidding for 
the entire system. The city in this case 
paid for the construction. The contrac- 
tor built the structure with the aid of 
a number of sub-contractors, for the 
amount of his bid. He furnished the 
equipment and obtained the right to oper- 
ate the line for 50 years, with a renewal 
privilege. The rental paid by the con- 
tractor is equal to the interest on the 
bonds issued for construction, plus 1 % 
annually for bond amortization. 

For the second system the city enter- 
ed into an operation-and equipment 
agreement with each of two operating 
companies, whereby the city was to 
furnish the structure and the companies 
the equipment. Each company also con- 
tributed a certain amount of money to- 
ward the construction. . Under their 
contracts each company was to retain a 
certain amount as a preferential after 
operating charges. Income in excess of 


$ 345 005 000 
101 000 000 
24 320 000 

5 800 000 

640 000 

30 000 000 


. § 506 765 000 
- Sites 402 000 000 
—— 


$ 20 100 000 
603 000 


. $ 20703 000 
F 13 366 500 
7 336 500 


this was to be paid as a rental to the 
city to an amount equal to a correspond- 
ing percentage on the bonds issued by 
the city for construction, and beyond 
this income, was to be divided equally 
between the city and the operating 
company. By reason of the heavily 
increased cost of operation since the 
war, the companies have not earned 
sufficient to pay their operating charges 
and preferentials and hence the city has 
received no return on its money invest- 
ed in the second system. The construc- 
tion was let by the city in sections to 
various contractors. 

The new system is expected to be built 
and equipped entirely with city funds. 
The financial problem involved for the 
city is therefore much greater. It is 
a serious problem especially because the 
state law limits the bonding power of 
the city to 10 % of the total assessed 
valuation, and the available bonding 
capacity within this limit will not pro- 
vide for more than half of the entire 
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project. It is proposed to meet part of 
the cost by construction loans to be met 
from [the city’s current revenues, and the 
remainder by assessments upon proper- 
ty benefited in the areas contiguous to 
the new lines. According to a statement 
by the chairman of the Board of Trans- 
portation a few months ago, the total 
cost could be raised by the issue of 
about $240 000 000 of bonds, $187 000 000 
of short-term loans, $138 000 000 of bene- 
fit assessment, and a small balance 
of current funds. 

The cost of transportation on the new 
System will depend vitally on the method 
of financing adopted. By covering a 
material part of the cost of the line 
through benefit assessments and another 
part through tax funds, the values creat- 
ed by the new lines can be made to pay 
their share of the increased transporta- 
tion costs arising from the expensive 
forms of subway construction necessi- 
tated by congested city conditions, It is 
believed that on this plan a 5-cent fare 
will make the system self-supporting. 
Operation and maintenance alone are 
estimated at 3 1/2 cents per passenger, 
ranging down to 8 cents Ister as traffic 
increases. 


Organization. — The Board of Trans- 
portation, which is constructing this 
subway system, consists of John H. 
Delaney, chairman, and D. L. Ryan and 
William A. De Ford, commissioners 
‘The work is being designed and super- 
vised by its engineering department, of 
‘which Robert Ridgway is chief engineer. 
‘Col. J. R. Slattery is deputy chief engi- 
neer in charge of construction, and 
Sverre Dahm is deputy chief engineer in 
charge of design. J. O. Shipman is engi- 
meer of the first division, John H. Myers 
of the second division, J. B. Snow of the 
tunnel division, H. N. Latey of equip- 
ment and operation, R. H. Jacobs of the 
track division, J. T. Kane of the station 
finish division and A. I. Raisman of the 
designs division. 

As noted above, this project is very 
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large, involving a great deal of money, 
and it is not practicable to start work on 
the entire project at once. It is expected 
to let an average of $125 000 000 worth 
of work per year and it is hoped to have 
the system in operation in 1931. 


II 


« The operations described below by 
T. L. MacBean, Chief Engineer, Oakdale 
Contracting Co., New York, are no part 
of the third system of subways outlined 
in the first article of this series, but their 
description is pertinent to the new work 
because on them was developed the use 
of power excavation under decked 
streets which is the characteristic con- 
struction feature of the new subway. 

« Subway construction on Long Island is 
represented by the Flushing extension in 
Queens and 14th Street line in Brooklyn. 
The Flushing extension is so called be- 
cause it is the continuation of the Corona 
line now used jointly by the Interborough 
Rapid Transit and the Brooklyn-Manhat- 
tan Transit Companies. There have been 
three contracts on the extension, the 
first, the line west of Flushing Creek, the 
second the bridge over Flushing Creek 
and the third contract that part of the 
Jine in Flushing, L. I. The third con- 
tract is described here and consists of 
550 feet of fill and open cut to the portal 
of the dead-end subway which is 1650 feet 
long with a 600-foot end station. Only 
the subway construction is considered 
here. Construction on tthe 14th Street 
line, so-called because it is an extension 
of the 14th Street line on Manhattan 
Island, consists of 7600 feet of subway 
undertaken in two contracts. The Flush- 
ing line costs $1 600 000 and is virtually 
finished. The 14th Street line is under 
construction and the contract price is 
$6 800 000; it is perhaps 60 % completed. 
Both lines are of the conventional two- 
and three-track design with concrete 
floor and steel bents with concrete jack- 
arch walls and roof. They are both cut- 
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and-cover operations. >» (Editorial note, 
Engineering News Record.) 


* 
* * 


Power shovel excavation as a recogniz- 
ed subway construction process was 
inaugurated on the Flushing Extension in 
Queens and on the 14th Street line in 
Brooklyn of the New York subway sys- 
tem. As apart of the process there was 
developed the arch bracing system which 
gave a clear space for shovel operation 
and motor truck or train haulage while 
strongly supporting the roof and sides of 
the cut. This is the signal feature of the 
work done in recent years, across the 
East River from Manhattan, in subway 
construction. Its merit has carried it to 
the Philadelphia subway work as des- 
cribed in Engineering News-Record, 
21 May 1925, and across the river to 
several Manhattan operations as will be 
described in succeeding articles. There 
were on this work in Brooklyn and 
Queens, noteworthy underpinning and 
concrete practices. 

The two operations were conducted by 
the same organization, the Oakdale Con- 
tracting Co., with E. A. Herrick, general 
manager, the writer as chief engineer, 
and John H. C. Gregg, construction en- 
gineer. They represent, therefore, va- 
riations of the same planning thought as 
determined by different conditions and 
increased experience — the Flushing ex- 
tension being built first and then the 
14th Street line. Enumerating briefly 
the broad differences, they are : 


1. A large part of the excavated mate- 
rial on the Flushing extension was haul- 
ed by industrial railway underground to 
the portal and then to a fill, while shafts 
about five blocks apart on the 14th Street 
line were used to hoist the material to 
over-street hoppers discharging into mo- 
tor trucks. 

2. Street widening was necessary on 
the Flushing extension but there were no 
major street structures, while on 14th 


Street there were a street railway and an 
elevated structure, also gas and water 


~mains to be shifted outside the cut, but 


there was no widening. 

3. Underpinning was light on the 
Flushing subway but complicated by 
ground water, while on 14th Street there 
was water only in places but some rather 
complicated problems of supporting 
structures were presented. Understand- 
ing of construction methods is helped by 
considering classes of work rather than 
individual contracts. 


Timbering. — Timbering and excava- 
tion are coincident processes but it is 
more simple to consider them somewhat 
separately. The Flushing extension was 
the first under contract and the timber- 
ing plan was worked out there. As the 
street was narrow it had first to be wid- 
ened as shown by figure 13. The basic 
idea of the contractor was to eliminate 
hand excavation — to use power shovels 
—and his timbering and excavating plan 
was conditioned on this object. As de- 
veloped it was to open half the street 
with a shovel cut some 12 feet deep, then 
to timber. and deck this cut, then repeat 
the operation for the other half of the 
street, finally to deepen the cuts by sho- 
vels working under the timbering. The 
timbering design as a first requisite had 
to provide clear shovel room for deepen- 
ing the cuts. 


As developed the design is shown by 
figure 14. This happens to be a plan for 
the 14th Street line where a car track had 
to be carried but the system on the Flush- 
ing line, as shown by figure 15, was sub- 
stantially similar. In effect the square 
framing familiar in past subway practice 
is, below the first shovel cut, replaced by 
an < arch bracing » depicted by figures 14 
and 15. Originally instead of using 
skew-back castings the ends of the raker . 
braces were beveled. The castings (pat- 
entend) were a later development for 
{mprovement. They simplify the tim- 
bering: 1. by eliminating beveling and 
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virtually all cutting of timbers in the 
trench and 2. by providing for double 
rakers from the same point as A or B, 
figure 14. In practice this timbering 
system has demonstrated its capacity to 
hold the sides and the street traffic and 
its suitability for power-shovel work be- 
low it is manifest from the illustrations. 


Excavation, — On the Flushing exten- 
sion the cut was 53 feet wide at the 
portal and 70 feet wide at the dead-end 
Island station. In making the first cut 
about 12 feet deep to half street width, 
the shovels. loaded into motor trucks on 
street grade alongside. With this cut ex- 
cavated and timbered, the second cut 
was made alongside and the trucks stood 
on the decking. A view of this stage of 
the operation on the 14th Street line is 
shown by figure 16. Im this first cut, 
shovels with standard booms were used 
but for the second cut under timbering, a 
specially-designed short-boom was sub- 
stituted. One of these shovels is shown 
by figure 17; it is a straight electric sho- 
vel getting outside current. 

On the Flushing line the shovel shown 
by figure 17 operated on 220 volts step- 
ped down from the outside power line. 
It loaded into trains of 2-cubic yard side- 
dump cars hauled by gasoline locomo- 
tives to the portal and out onto the dump. 
Two tracks ran into the subway and a 
train was operated on each track. The 
material was mostly a clay-gravel mix- 
ture, very hard, with sand layers. Ground 
water was 15 feet above subgrade through 
most of the cut. It came in from a silty 
sand seam and had to be handled very 
carefully not to cause settlement. About 
750 gallons per minute had to be pumped 
continuously. On the Flushing line the 
average excavation output on the open: 
ing cut was 300 cubic yards per shovel 
per 8 hours, with a peak of 700 cubic 
yards; under the decking an average of 
200 cubic yards per 8 hours was main- 
tained with a peak output of 400 cubic 
yards. 

The shovels used on the 14th Street 


line were gasoline-electric machines, 
with long booms for the first cut and 
short gooseneck booms for the work 
under the timbering. When changed to 
work underground, however, the gaso- 
line prime mover was cut out and cur: 
rent was taken from a cable installed for 
other purposes. With the gooseneck 
boom the shovel worked with a head- 
room of only 10 feet. The excavated 
material was taken out through shafts. 
The shaft structure above the street level 
is shown by figure 18. 


On the two-track line the cut was 
35 feet wide and on the three-track line 
it was 50 feet wide. The material was 
loam and sand with some gravel and 
boulders interspersed. The first cut was 
loaded directly into trucks as already 
described (fig. 16). Under the decking 
the shovels loaded into four-car trains 
hauled by gasoline locomotives. The 
cars held 2 cubic yards, dumped over the 
side, and at the shafts were unloaded into 
pits. At the shaft top an electric derrick 
operating a 1 1/4-yard clamshell lifted 
the material out of the bottom pit and put 
it into the truck-loading hopper (fig. 18). 
The shafts were about 1500 feet apart. 
Excavation has averaged about 300 cubic 
yards per shovel per 8-hour day, with 
peaks of 600 cubic yards in the opening 
cut and of 500 cubic yards under the 
decking. For some 2000 feet ground 
water was 5 feet above subgrade but it 
did not count heavily among the excaya- 
tion obstacles. 


Underpinning methods. — About 20 
buildings on the Flushing extension and 
some 300 on the 14th Street line had to 
be underpinned. Familiar methods were 
followed, generally. Pits were sunk 
to below subgrade or to a point below 
a 1:1 slope projected from subgrade at 
the side of the structure, and concrete 
piers were built up to the old founda-. 
tions. Where there was water the pits 
stopped at water level and from there 
pipe piles were forced to below sub- 
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grade, excavated and filled with con- 
crete. These were the usual underpin- 
ning operations. For one building on 
the 14th Street line, there were special 
conditions and a different underpinning 
plan. The subway passes directly under 
a reinforced-concrete factory building 
with an ordinary «< cement > floor on the 
ground and having interior columns. 

Not to stop factory operations, the old 
cement floor will be taken up in sections 
and replaced with a reinforced-concrete 
Slab. Excavation beneath will then be 
by hand, posts being placed under the 
concrete slab as the cut is opened up. 
Where there are building columns, un- 
derpinning pits will be sunk and timber 
bents placed to carry the columns until 
the subway is finished and they can be 
footed on the roof. About the same me- 
thod was employed where several elevat- 
ed railway columns came over the sub- 
way. <A pit to below subgrade was sunk 
each side of the column footing in the 
line of the subway and a timber bent was 
set up in each pit. Spanning between 
these there was built the three-part (A, B 
and C) steel footing or grillage shown by 
fig. 19. Columns outside the subway 
were underpinned as were buildings. At 
one place the subway will go under the 
Long Island Railroad yards. Here also 
it is planned to sink pits, erect bents and 
carry the track on steel beams spanning 
between bents. After the tracks are un- 
derpinned it is proposed to excavate with 
a locomotive crane and clamshell. 


Concreting methods. — For the Flush- 
ing extension an adequate mixing plant 
was set up on the nearby Flushing Creek 
so as to receive materials by barge. The 
cars and tracks used for excavation car- 
ried the concrete for the subway floors 
and lower 2 feet of the walls. Thereafter 
delivery was by motor truck over the 
decking from where the concrete is chut- 
ed to sides and roof. 

On the 14th Street line a rather special 
outfit was erected. The concrete is mix- 
ed at a central plant and transported to 


the concreting point in 5-ton motor 
trucks. The cement shed is served by a 
railroad siding while the aggregate comes 
in scows and is transported to the storage 
piles at the plant by motor truck. -A steel 
derrick with a 75-foot boom, operating a 
clamshell bucket, places the aggregate in 
the feeding hoppers. 


The concreting plant consists of both 
sand and gravel hoppers feeding through 
smaller measuring hoppers into the 
mixers, the inundation system being used 
to measure the sand. The mixers are of 
1-yard capacity, operated by electric mo- 
tors, and are set back to back. A baffle 
plate above deflects the material into 
either one of the mixers, which can be 
operated together or separately. Two 
18-inch belt conveyors 51 feet long rising 
on a 25° angle from both ends of the 
cement shed, carry the cement to the top 
of the building, discharging into a 12-inch 
spiral flight conveyor, which in turn dis- 
charges into the hopper directly above 
the mixers. The belt conveyor runs at 
a speed of 150 feet per minute while the 
flight conveyor makes 70 revolutions per 
minute. The bags are opened on the ce: 
ment shed floor and the cement placed 
on the belt conveyor in batches. The 
capacity of the cement shed is about 
3000 bbl. Provision is made for heating 
the aggregate by steam both in the stor- 
age piles and in the feeding hopper. 
During very cold weather the water is 
also heated. Concrete is discharged 
from the mixer at a temperature of about 
70°. The mixers discharge by gravity 
into 5-ton motor trucks. The longest 
concrete haul is 11/4 miles. The entire 
plant is operated by electric motors. 


For all standard work, steel forms have 
been used for placing the plain concrete 
arches between: the side wall columns 
and between the roof beams. The side- 
wall forms are poured iin uniits and the 
whole unit form is moved by chain 
blocks and a carrier traveling on an 
I-beam fastened to the kneebraces on the 
sidewall columns. This I-beam is moved 
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ahead as work progresses. The roof 


forms are on steel travelers operating on - 


temporary track placed on the subway 
floor. The traveler is in effect a mov- 
able platform with a small up-and-down 
adjustment by means of screw jacks. The 
forms themselves are on top of this plat- 
form and collapse onto it when moving 
them ahead. 


Organization. — All construction is 
under the supervision of the Board of 
Transportation of the City of New York, 
Robert Ridgway, chief engineer. The 
technical personnel of the Oakdale ‘Con: 
tracting Co. has already been stated. In 
the case of the 14th Street line there were 
two contract sections. This made it ne: 
cessary to keep construction at a speci- 
fied percentage stage of progress on each 
section independently of progress on the 
other section or on the line as a whole. 
This required a separate working orga- 
nization on each section and a separate 
outfit with the exception of the mixing 
plant which served al! the work. Gene- 
ral management and overhead of course 
applied to both sections. 


Ill 


Construction of the third subway 
system for New York, is actively pro- 
ceeding on 10.46 miles of line. This is 
the Eighth Avenue-Washington Heights 
line and the portion actually under con- 
tract extends from Greenwich Avenue 
(at about 7th Avenue and 11th Street) 
to 212th Street. Summarized, 22 con- 
tracts have been awarded to 15 contrac- 
tors. The total amount of the contracts 
is $94578 259; the largest amount to one 
contractor is $13 555 871, but three other 
firms have contracts adding up to over 
$10000000 each. Omitting -the two 
small contracts aggregating $368 456, 
for special sections, the average contract 
ainount is $4 710490. The average con- 
tract price per mile of line is $9 041 899. 
This contract price includes all con- 


struction except track (rails, Hes’ and 
ballast) and station finish. 


Organisation directing construction. 
— Construction control.of subway work 
is vested in the engineer staff of the 
Board of Transportation of the city of 
New York. More specifically it is in the 
hands of the construction division of the 
engineer staff; the intercourse, however, 
is at all times close with the design divi- 
sion, A deputy chief engineer is in 
general charge of construction and has 
under him a number of division engine- 
ers — at present five, of which three 
are in charge of line construction. The 
arrangement is flexible, other divisions. 
can be created as may be necessary. 
There is a division office force, and then 
a number of sub-divisions each includ- 
ing about four contract sections. Either 
the number of sub-divisions or the num- 
ber of contract sections in each can be 
increased. 

This is the framework of organization 
— the engineer personnel is the flesh 
and integument. This is highly respon- 
sible down to and including the section 
engineers. The men on the sections are 
assumed capable of handling all the sec- 
tion problems and are held responsible 
for their handling. ‘So also the sub-divi- 
sion men are held responsible for sub- 
division problems and the division men 
for division problems. The theory is to 
handle each problem where it lies and 
not carry it up the line of executive 
authority. It does not always work out, 
but it is striven for and obtained as far as 
the mien will work together and are cap- 
able. Co-operation is held to be tthe spirit 
of the organization body. It is invoked 
not only between the engineers of the 
division, but between them and the con- 
tractors and in all ways throughout the 
directing personnel. To this end red 
tape is cut freely and the men are en- 
couraged to negotiate and advise directly 
across the organization and not go too 
much up and down the ladder of official 
authority, 
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A policy that is stressed is co-oper- 
ation with the contractors. With the 
engineers of the Board they are held 
to be the joint agents of the city for the 
construction of subways. Therefore in 
all their tasks they are given every 
advantage which the interests of the 
public considered broadly will permit. 
The theory behind the management of 
construction is non-interference to the 
greatest extent practicable with street 
travel and with the occupations in the 
buildings along the street. Nevertheless 
it is‘considered that there must be recog- 
nition of the facts that a great public 
improvement is being carried out; that, 
with all present surface and subsurface 
street structures, an under-street struc- 
ture virtually the full street width and 
deeper than the ordinary bordering 
building foundations is being produced; 
that construction speed and economy 
call for power equipment and that this 
requires room and therefore street open- 
ing at the start to dig in and get under 
the surface, that, in brief, with all due 
deference to public convenience, there 
must be abnormal street conditions dur- 
ing subway construction. 


It is in regulating the phases of con- 
struction wherein the public is directly 
affected, that engineering direction has 
its outstanding problem. The control of 
workmanship, materials and other items 
of fabricating structure is a task of 
importance corresponding to the magni- 
tude of the subway operations but it all 
falls within customary good practices 
in engineering construction. It is with 
the plans for maintaining street surfaces, 
maintaining building services and safe- 
guarding life and property that this 
review deals. 


Maintaining street service. — Surface 
use of the street for travel is the first 
consideration. The requirements as 
stated in the specifications are : 


« 47. In order to minimize interfer- 
ence with traffic and inconvenience to 


abutting property owners, during the 
construction of the railroad, on all parts 
of the work (except parts excavated by 
tunneling), the ‘streets and sidewalks 
shall be substantially decked or covered 
over, and every precaution must be 
taken to keep traffic free from inter- 
ruption. 

« The street supporting system and 
street decking shall be substantially con- 
structed of ample strength to safely 


‘carry the loads to which the surfaces, 


which it temporarily replaces, are sub- 
ject. However, the contractor is privileg- 
ed hereunder to restrict the use of the 
street decking to trucks and other vehi- 
cles weighing, including the load, not in 
excess of ten (10) tons carried on one 
axle and to Jimit the live load upon the 
decking to three hundred (300) pounds 
per square foot. In every case, however, 
where the loads are so restricted or 
limited by the contractor he shall at his 
own cost erect and maintain in the 
streets display signs visible at all times 


and take such other precautions as may 


be necessary to caution the public 
against placing excessive loads upon the 
street decking. Before the decking and 
street supporting system are placed, the 
plans for them shall be submitted to 
and shall be satisfactory to the engineer. 
In excavations covered by decking a 
means of illumination, satisfactory to 
the engineer, must be provided and 
maintained at all times, whether work 
is or is not in progress, so that the sup- 
ports of the decking may at all times 
be readily inspected; and as a further 
means toward this inspection, galleries 
or walkways must be provided beneath 
the decking, so that inspection of its 
supports may readily he made when the 
excavation reaches such depth as, in the 
opinion of the engineer, to render such 
walkways necessary. 


« 49. The street intersections, except 
where working shafts or ramps are locat- 
ed, shall be kept at all times open for 
traffic for their full width. Where the 
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decking is temporarily removed from 
any part of the street the opening shall 
be protected by suitable fencing and 
bridging. Generally the fences shall be 
not less than four (4) feet high and shall 
have two or three horizontal rails or 
as may be necessary to provide safety 
according to the focal conditions. 

« In all cases the contractor shall at 
all times at his own expense keep all 
the street crossings on the lines of the 
sidewalks in a clean and neat condition, 
bridging gutters and low places where 
water might collect. 


« 50. The engineer will insist upon the 
close observance of the above require- 
menits of ithis subdivision and no depart- 
ure therefrom will be allowed, except 
upon the written permission of the en- 
gineer, > 


These requirements are definite. Open- 
ings in the street are classed as tempor- 
ary concessions granted as they are 
determined by the engineers to be ne- 
cessary to the work. So also is tthe use 
of the streets for storage a temporary 
concession. The location and number 
of street shafts or ramps, of office and 
other buildings, of construction plant 
units depend likewise on the engineer’s 
permission. Specifically, hindrance by 
construction operations to free surface 
use of the streets is not contemplated 
except as a temporary privilege deter- 
mined by the engineer’s judgment. 


Subsurface street structures, as water 
and gas mains, sewers and conduits for 
electric cables are required to be main- 
tained in service. ‘The general clauses 
of the specifications governing this fea- 
ture are as follows 


« 58. The contractor shali at all times, 
by suitable bridging or other .supports, 
maintain and support in an entirely safe 
condition for the usual service and to 
the reasonable satisfaction of the own- 
ers, all surface, subsurface and overhead 
structures and all their appurtenances 


encountered or affected during the pro- 
secution of his work; if the maintenance 
of such usual service makes it necessary, 
the contractor shall temporarily remove 
and relay or reconstruct any such sur- 
face, subsurface or overhead structure 
and shall restore the same or recon- 
struct the same in a new location prior 
to the completion of this contract. Also, 
in order that access may be had in emer- 
gencies to gates or valves on water, gas 
or other mains and to electric and other 
manholes, where such gates or valves 
and manholes are decked over, trap 
doors of a suitable size shall be provided 
in the decking. Whenever an electric 
manhole has been removed it shall be 
replaced by a temporary manhole, which 
shall be so constructed as to reasonably 
provide the usual facilities, and the 
cables shall be supported by temporary 
racks. Wherever possible and as deter- 
mined by the engineer, reasonable, the 
ducts shall be supported and maintained 
but whenever it becomes necessary to 
remove the ducts from the cables, the 
cables shall be protected by a satisfac- 
tory boxing. Insulating coverings con- 
sisting of manure, hair felt or asbestos 
wrappings and boxings or other approv- 
ed material and construction shall be 
provided and installed by the contrac- 
tor for the protection of exposed water 
mains, and house service pipes as may 
be necessary to maintain the efficiency 
of the service within such pipes and 
to’ prevent freezing in water mains 
and house service pipes; to maintain 
the efficiency of such insulating ma- 
terial or construction it shall be pro- 
tected by waterproofed wrappings or 
boxings or both, as necessary. All sur- 
face, subsurface and overhead structures 
and all their appurtenances and all sur- 
faces of whatever character along the 
line of the work shall be protected from 
injury, and the contractor shall fully 
restore such surface, subsurface and 
overhead structures and all their appur- 
tenances and all such surfaces to, and — 


Fig. 20. — Eighth Avenue between Pennsylvania Station and General Post Office. 


On Post Office side decking is completed to car tracks. On opposite (right hand) side see pavement 
being cut out, cranes and trucks for preliminary excavation and in distance patch of pavement 


removed and deck joists in place, 


shall leave them in, as useful, safe, 
durable and good a condition as existed 
before construction was begun. > 

These requirements apply only to 
maintenance; where the conduit, because 
of physical interference with the sub- 
way structure, has to be reconstructed it 
is held a part of the new structures and 
is provided for in the engineering plans 
and specifications. 

Maintaining buildings. — Where exca- 
vation of subway may be carried to 
depths that may cause disturbance to 
the soil supporting adjacent buildings 
they are required to be underpinned as 
specifically named, 


« 66. By underpinning is meant such 
method of construction as will transmit 
the foundation load directly through 
the underpinning structure to such 
lower level as is necessary to secure the 
buildings and which will relieve the 
adjacent ground and railroad structure 
from undue lateral pressures. The un- 
derpinning shall be designed to furnish 
a safe and permanent support for each 
independent building. To accomplish 
this result, the contractor shall use 
such methods of underpinning, pneuma- 
tic or otherwise, as special conditions 
may require and the engineer shall 
approve. > 


‘ 


et eat 


Besides keeping structures intact it is 
required that the building services shall 
be maintained; entrances must be kept 
accessible and all the conveniences of 
doing business kept as undisturbed as 
practicable. 


Guarding against hazards. — Potential 
hazard to the public in subway construc- 
tion is naturally large. Openings in the 


street, handling materials and operating. 


machinery in congested thoroughfares 


and blasting operations have great pos- ° 


sibilities of danger unless well safe- 
guarded. In the agreement the contrac- 
tor takes the responsibility for safe- 
guarding the public but general require- 
ments are laid down by the engineers. 
Some of these are indicated in the quota- 
tions previously given. Others in respect 
to excavation and handling materials, 
embody the usual safeguards in respect 
to sheeting and bracing trenches, hand- 
ling explosives and conducting blasting. 
City ordinances govern many of these 
operations and are too many to cite but 
all are required to be observed by the 
contractor. In brief the purpose is. to 
reduce hazard to the public by every 
reasonable precaution. Causes of an- 
noyance are eliminated as far as prac- 
ticable : 


« Decking of the streets, paving, or 
other surface work affecting, or affect- 
ed by, street traffic, shall be prosecuted 
during such hours as will reduce such 
interference to a minimum.-~ Night work 
shall be conducted, in accordance with 
the directions of the engineer, so that 


annoyance to occupants of abutting pro- - 


perty shall be reduced to a minimum, 


and the engineer may, if in his judg- 


ment conditions so require, direct that 
night work be omitted. 


« The contractor shall provide work- 
ing machinery designed to operate with 
the least possible noise; hoists and com- 
pressor plants shall be electrically oper- 
ated unless otherwise permitted and 
machinery by gearings shall be provided 


with a type of such gearings designed to 
reduce noise to a minimum, >» ; 


Conclusion. — To epitomize, in con- 
ducting the new subway work the ser- 
vice, safety and convenience of the 
public are recognized fully and are 
planned to be maintained in every prac- 
ticable way. As far as practicable gen- 
eral requirements are specified but in a 
large way it has to be left to the judg- 
ment of the engineers how far main- 
tenance and protection shall go and not 
hamper construction beyond any bene- 
fits to be gained. 


IV 


This fourth paper and the fifth are 
written by Lazarus White, President 
Spencer, White & Prentis, Engineers and 
Contractors, New York and preceded, in 
Engineering News Record, by the follow- 
ing Editorial note : 


« The contract for section 3, route 78 
(Eighth Avenue subway) 3 000 feet long, 
provided for the excavation of 200 000 
cubic yards of which 20000 yards are 
estimated to be rock fill and the remain- 
der sand and gravel. The upper end is in 
filled ground and: above ground water 
level; the lower end is in original sandy 
gravel 6 feet below ground water level. 
The original contract specified about 
30000 cubic yards of concreting and 
3 300 tons of steelwork. The total con- 
tract price is about $4 900000 and the 
contract time is 42 months. 

« Eighth Avenue at this point is about 
100 feet wide and is lined with five-story 
tenement houses with stores at sidewalk 
level. The subway averages about 60 feet 
in width, is standard four-track con- 
struction and there is a local station at 
116th Street. There were about 100 elevat- 
ed railway columns to be underpinned, 
these columns being mostly on the side- 
walks just inside the curb line. > 


* 
* * 
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The contractors for this section of the 
Eighth Avenue subway felt that «the 
changing economic situation and the de- 
velopments of machinery since the con- 
struction of the dual subways, completed 
about 1920, necessitated different me- 
thods. During this interval the excava- 
tion of cellars, basements and foundations 
of large buildings had undergone a revo- 
lution. Derricks, skips, and horse-drawn 
trucks had been superseded by power 
shovels, motor trucks and ramps. Parti- 
cularly, theré had been a great develop- 
ment in the use of small crawler traction 
shovels, and a wonderful improvement 
in motor dump trucks. These trucks 
though weighing about six tons them- 
selves can readily carry an additional 
load of about 5 cubic yards of excavation 
up a 15 % grade. The flexibility of 
crawler shovel and motor truck outfits 
enables excavators to make phenomenal 
records in the removal of excavation from 
difficult and cramped locations. 


Construction plan. — Realizing that 
steam, or gasoline shovels would be ob- 
jectionable below ground, the contractors 
investigated the relative merits of shovels 
operated by air and electricity. The 
electric shovel was finally chosen because 
of its superior economy and flexibility. 
The section, being 3000 feet long, was 
divided into four parts, or headings, by 
two ramps at 114th Street and at 120th 
Street. The ramps, were constructed on 
a grade of about 15 % ‘and at right angles 
to the prism of the subway, laid out so as 
to intersect the subway at subgrade. 
These two ramps were found to be enti- 
rely adequate for the work and useful in 
all stages of the construction. From each 
of them about 100000 cubic yards of ex- 
cavation were removed in the period of 
six months, and a great deal of the struc- 
tural materials of the subway such as 
concrete, steel, ducts, and timbers, were 
delivered by trucks through them. These 
ramps were considered to be less objec- 
tionable to the neighborhood than the 


timbers resting on 


old style of overhead gantries with their 
derricks, muck bins, etc. 

After the use of the ramps was decided 
upon, the problem of supporting the 
street surface, trolley tracks, etc., in such 
a manner as to allow the operation of the 
shovels, trucks, etc., remained. The solu- 
tion of this problem was about as diffi- 
cult as could be encountered, as it was 
necessary to support two underground 
trolley tracks, numerous electrical sub- 
ways for telephone and power cables, 
pipe lines, street and sidewalks in such 
a manner as to allow underpinning of 
the elevated railway. It was also consi- 
dered essential for reasons of economy 
that the four tracks be excavated in one 
operation. 


Supporting street structures. — Refer- 
ring to figure 21, it will be seen that the 
main supporting members are four longi- 
tudinal I-beams laid parallel to the track 
and to the curb. These beams were fram- 
ed in pairs by means of 6 x 12-inch cross 
the lower flanges 
of the beams and by tie bolts at inter- 
vals. Upon this framework the 6-inch 
deck is laid. The beams were laid as 
close as possible to the street surface so 
as not to interfere with the sub-surface 
structures below. The beams were lightly 
spliced longitudinally so as to hold their 
alignment. The problem of supporting 
the two trolley tracks and allowing suffi- 
cient space for the operation of the 
electric shovels was solved by placing 
transverse beams in a heading preceding 
the shovel. These beams were placed at 
intervals*of 10 feet and were posted to 
subgrade. These posts were fastened to 
the beams by means of angles so that the 
shovels could not readily displace them. 
The outer beams were directly support- 
ed by posts at 10-foot intervals (figs. 21 
and 22). 


Excavation methods. — In advance of 
the main excavation, largely to facilitate 
the underpinning of the elevated rail- 
road columns, a trench was dug between 
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— 156 — 


the exterior beam and the outside of the 
subway. This trench was usually car- 
ried to a depth of about 12 feet, except 
at the elevated columns where it was 
carried to the depth of the base of the 
columns. The exterior sheeting of this 
trench was supported by braces directly 
to the outer beams, the upper brace hori- 
zontal and the lower one at an incline. 
The deck was made rigid by blocking 
between the inner beam and the concrete 
of the trolley tracks. The upper braces 
served a very important function, as they 
held the trolley tracks in line and enabl- 
ed the excavation to proceed to a consi- 
derable depth without additional brac- 
ing. The shovel operating at subgrade 
excavated a complete section with the 
exception of a berm intentionally left at 
each side to decrease the amount of 
sheeting necessary. The berm was about 
12 feet wide by 12 feet high. The ends 
of the transverse beams supporting the 
trolley tracks were braced to a lower 
ranger by an inclined strut consisting 
of two 6 x 12-inch timbers bolted togeth- 
er and to the end of the beam, Two 
angles attached to the beam served as 
abutments for the brace. 


Four shovels (fig. 22) were in oper- 
ation for two shifts at the maximum and 
the maximum month’s work was about 
30000 cubic yards, about thirty trucks 
being employed. The excavation of the 
cut was disposed of at Riverside Drive 
north of 104th Street. When the head- 
ings met, the berm remaining at each 
side was removed by the shovels or 
by portable belt conveyors electrically 
operated. The shovels were found to be 
best for rock fill and the conveyors for 
sand and gravel. As the berm was re- 
moved, additional sheeting was placed to 
subgrade, generally vertical sheeting, sup- 
ported by rangers which were in turn 
supported by short struts extending to an 
intermediate post below the main brace. 
It was found that when the excavation 
was extended to subgrade the pressure at 
the bottom was not noticeable but that 
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there was a considerable increase of pres- 
sure at the top braces; particularly at the 
uppermost brace. This';was as expected, 
the bracing being designed for a comput- 
ed total pressure obtained from observa- 
tion by engineers experienced in this 
class of work. This method of timbering 
not only conformed to experience but 
allowed freedom in the operation of the 
subway construction. Had the ordinary 
theories and methods of timbering been 
followed, the operation of the shovels and 
trucks would have been seriously ham- 
pered, if not impossibles Also the ease 
with which long and heavy H-beams can 
be secured enables the contractor to ope- 
rate with a freedom which could not be 
realized on the old subways. 


Concreting plant. — Another feature of 
this work to be noted was the use of a 
central concrete mixing plant. This plant 
is shown in figure 23. The plant follows 
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Fig. 25. — Arrangement of concrete 
mixing plant. 


road building practice; it is tompletely 
enclosed and enables the concreting work 
to proceed in all weathers. The bins are 
heated by steam obtained from a boiler 
with an oil burner. This oil burner ope- 
rates very satisfactorily. The concrete 


was transported by means of three trucks 
with roll-over bodies of about 1 1/2 cubic 
yard capacity. It may be noted that on 
the worst days of the past winter when 
about one foot of snow fell 200 batches 
of concrete were placed in the subway. 
The concrete plant is equipped with But- 
ler proportioning hoppers, which greatly 
facilitate the work and give an accurate 
mix. The forms used were mainly Blaw- 
Knox forms of the type usually used in 
subway construction. 

The shovels used on this work were 
Bucyrus 20-B model. These shovels are 
operated by two motors, one the main 
motor on the engine, and the other the 
crowding motor on the boom, the boom 
being specially short and of cast steel. 
This shovel is of a type convertible into 
a gasoline shovel. These shovels were 
also operated as cranes, being equipped 
with special booms for this purpose. They 
will work freely in a clear space of about 
30 feet wide by 13 feet high. A small 
crawler crane was also found to be very 
useful on this work, both in the excava- 
tion trenches and in ithe erection of steel 
below the deck. 

A central compressor plant was install- 
ed at one end of the.work and an air line 
laid on a bypass trestle. Indeed this con- 
tract was noteworthy for the amount of 
overhead gas bypassing necessary. The 
pipes were installed on overhead trestles 
and ranged in size from 30 to 4 inches. 
It was found that plain end pipes with 
dresser couplings made a very efficient 
line. Several thousand feet of 20-inch 
line was laid on ‘trestle within: the period 
of a few weeks, and passed the first test 
without the retightening of a single bolt. 


V 


An exceptional underpinning problem 
existed on Eighth Avenue, from 111th to 
121st Streets, where for ten blocks the 
Ninth Avenue elevated railway, a 5-story 
structure, extended directly over the four-- 
track subway line. Here the subway cut 
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was 25 feet deep and over 60 feet wide in 
rock fill, sand and gravel. The task was 
to hold the elevated structure during the 
construction of the subway and then 
transfer its support to the roof of the 
completed underground structure. Be- 
cause of the height and age of the elevated 
structure a tedious operation was promis- 
ed. However, to the credit of Heyman & 
Goodman, Inc., contractors for this sec- 
tion, it may be said after only one year of 
work the entire underpinning is complet- 
ed, nearly all the excavation has been re- 
moved and several blocks of subway 
structure are completed including the 
transfer of the columns of the elevated to 
the roof of the subway. In money value 
about 70 % of the work has been com- 
pleted in about one-quarter of the allot- 
ted time. 


Elevated structure. — About fifty years 
ago, the Ninth Avenue elevated road was 
extended northward into Harlem. As 
Ninth, or Columbus, Avenue terminated 
at 110th Street, the railroad was forced 
into a reverse curve around Morningside 
Park, at this point leaving a hill to the 
south and traversing the low lying Har- 
lem plain to the north. The structure has 
a height exceeding that of the adjoining 
five-story building and for 1a considerable 
time was one of the sights of the city of 
New York, considered by engineers to be 
an outstanding feat of steel construction. 
It consists of pin-connected trusses and 
Phoenix columns. The structure subse- 
quent to its erection was stiffened by 
additional cross bracing. The present le- 
vel of Eighth Avenue north of 110th 
Street is about 25 feet above that of the 
original plane, and at 120th Street the 
grades meet. In most cases the original 
builders were very conscientious in secur- 
ing a good foundation, digging down to 
firm material. At 112th Street it was 
necessary to penetrate about 6 feet of 
pond muck to secure a good footing. The 
brick piers supporting the structure were 
founded on layers of rough concrete of 
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varying thickness, the brickwork ranging 
in height from 15 to 30 feet and having an 
area at the base of about 100 square feet. 
The column was cemented into a large 
base casting with a <« rust > joint, the 
casting being bolted down with four large 
bolts extended through a bonding stone 
about half way down the pier. The 
brickwork was laid in a cement said to 
be an imported portland and was found 
to be in excellent condition, as were also 
the wrought-iron bolts. 


Underpinning. — In previous work of 
underpinning elevated railway columns 
in New York the track girders have been 
supported by wooden towers from the 
street surface or else plate girders have 
been directly attached to the columns, 
enabling the excavation to be carried on 
immediately below the columns and the 
original column base to be removed. 
Here there were serious objections to 
either of the methods mentioned. The 
‘wooden towers would have had to be of 
great height and exposed to danger of 
fire and collision. For supporting plate 
girders it would have been very difficult 
to secure proper connections to the Phoe- 
nix columns. It was therefore decided to 
underpin the supporting brick piers from 
below and use only permanent materials 
in this work, that is, to underpin the co- 
lumns as if the underpinning was to re- 
main permanently in place, even though 
it might be removed within a year. 

Referring to figure 24, it will be seen 
that the main supporting members are six 
concrete-filled steel tubes 16 inches in 
diameter and about 3/8 inch thick. Each 
tube was placed within a horizontally 
sheeted pit and jacked down hydraulic- 
ally ito about 5 feet below subgrade, and 
then filled with concrete and by the pre- 
test method tested to about 30 % over the 
working load it was figured to carry. In 
this method two hydraulic rams are plac- 
ed upon a steel plate at the top of the pile 
and pressure is applied by a hand operat- 
ed pump connected to the rams by flex- 
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ible copper tubing. As soon as the pile 
bears its test load without settlement an 
I-beam is cut to fit the space between the 
cap and the bottom of the footing and is 
securely wedged in place, so that upon 
removal of the jacks the rebound of the 
pile is held to 1/32 inch. A detail of the 
pretest wedging is shown by figure 25. 

The operations described complete the 
underpinning of the columns as far as ne- 
cessary to enable the excavation to be 
carried to the designed subgrade of the 
subway, but do not make any provision 
for the transfer of the elevated column to 
the roof of the completed subway. This 
was accomplished by inserting four nee- 
dle ‘beams directly into the brickwork of 
the pier. First a central slot was cut 
about 30 inches below the base of the 
casting and of a dimension just sufficient 
to allow the placing of the two central 
needle beams shown in figure 26. These 
beams were 16 ft. 6 in. long and weighed 
from 90 to 120 lb. per foot. The cutting 
of the central hole, a delicate operation, 
was accomplished by jackhammer drills 
clamped to a frame attached to the co- 
lumn base. The holes were drilled 
through from one side. After the holes 
were drilled they were broached out by 
air-operated concrete breakers. When 
the central beams were grouted in, slots, 
by similar methods, were cut on each side 
of the pier and a third and fourth beam 
placed. It was required that these needle 
‘beams be placed before any excavation 
was made beneath the piers. 


After the operations described were 
-completed, the excavation for the subway 
‘was completed for the full width and 
depth, the material surrounding the piers 
and the underpinning below the piers 
being taken out with the main excava- 
tion. The material encountered at sub- 
grade was mainly sand and gravel. After 
the concrete invert was placed. steel 
bents were erected not on the customary 
5-foot spacing but at spacing to accom- 
modate the needle beams in the brick 
piers in the manner as shown in 


figure 26. The girders supporting the 
needle beams and the beams themselves 
were field drilled and temporarily bolt- 
ed together, after which shims were 
placed filling the gap between them. 
The next step was to expose and cut 
anchor bolts. These anchor bolts were 
cut by an acetylene torch, and heated and 
bent at right angles to form a hook. The 
original brickwork remaining was then 
drilled so as to establish a plane of 
cleavage. Special steel castings were in- 
serted between the flanges of the I-beam 
and by means of four hydraulic jacks 


‘shown in figure 27 the column was raised 


about 3/8 inch and by aid also of plugs 
and feathers the pier was split at the 
drill holes as planned. The apparatus 
worked perfectly, and the operation of 
raising the column, inserting the neces- 
sary shims between the grillage beams 
and the supporting girders was often 
done in about 15 minutes. This opera- 
tion not only tested all the supporting 
members but also the footings of the steel 
subway columns designed to carry the 
load of the elevated column. These 
footings were ordinary grillage footings. 

To secure a good footing in the neigh- 
borhood of 111th and 112th Streets, it was 
necessary to go several feet below the 
main subgrade of the subway to the bot- 
tom of the original pond, a firm mixture 
of sand and gravel. This is about the 
level of the original elevated column foot- 
ings. It was not necessary to interrupt 
trains during any of the transfers. By 
means of gages attached to the hydraulic 
apparatus the actual load of the columns 
was; measured. This was found to be 
about 60 tons, but the dead load of the ori- 
ginal pier was about as much. Where 
columns were not to be supported on the 
roof of the subway no needle beams were 
inserted, and it was not necessary to go 
through any transfer operations. At St. 
Nicholas Avenue, the spans are large and 
the loads on the columns are correspon- 
dingly greater; ait some eight underpin- 
ning piles were used. 
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Fig. 24. — Typical column underpinning diagram. 


Brick pier and footing held up by inserting 16-inch piles, one at a time 
in order numbered, underneath. 
Piles pretested to 30 °/o over their working loads. 


Steel wedges --7' 


Completed pile, 
Jacks removed ---\}- 


Web placed 
paralle/ fo 
“EI” tracks -.-|1- 


Fig. 25. — Arrangement for pretest wedging. 


When gage on hydraulic jacks shows load 50 °/o in excess of working load steel wedges 
are inserted on top of I-beams cut to fit and are driven until rebound of pile is prevented. 
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Fig. 26. — Needle beams transfer column load to subway. : 


These beams are inserted after pier is underpinned but before it is laid bare by excavation. 
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Fig. 27. — Transferring load from pier to subway structure. 
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After the transfer operations were com- 
pleted about 2 feet of brickwork below 
the plane of cleavage were cut out by con- 
crete breakers and the remainder of the 
old brick pier was drilled and blasted, 
using light charges of powder; then two 
partial bents of steel were erected and 
the sidewall concreted, the last operation 
being the concreting of the roof and the 
grouting of the space between what re- 
mained of the original pier and the roof 
of tthe subway. 

During the transfer operations it was 
noted that there were only very slight 
deflections of the grillage beams and sup- 
porting girders, indicating ample factors 
of safety in the supporting steel. Accu- 
rate elevations were kept on the elevated 
columns during all stages of the under- 
pinning and transfer operations. During 
the underpinning operations only slight 
settlements were noted, the average being 
less than 1/4 inch. Final elevations of 
columns were 1/8 inch above original 
grades. 

It will be noted that the main effort of 
these underpinning operations was to se- 
cure maximum safety, using a permanent 
construction for what is described in the 
contract as a « temporary support of the 
elevated railroad ». Also that by the me- 
thod of transfer used any settlements oc- 
curring during the underpinning opera- 
tions could be very easily corrected, and 
that unless these settlements were suffi- 
cient to introduce undue stresses in the 
structure they were of no consequence. 
By 1 April 1926, all the columns were 
underpinned, about 100 in all, and several 
blocks of the elevated railway are perma- 
nently transferred to the subway roof 
without the slightest observable damage 
to the structure. 


VI 
: By Leo M. CHARM, 


OF ENGINEERING STAFF, ROSOFF SUBWAY CONSTRUCTION 
COMPANY, INCORPORATED, NEW YORK. 


« Section 3A of Route 78 of the Eighth 
Avenue-Washington Heights line on St. 


. Street. 


Nicholas Avenue, between 122nd and 
132nd Streets, is 2640 feet long. The 
railway is standard one-level four-track 
line, except at the north end where there 
are two additional tracks for storage. 
There is an express station at 125th 
On the east side of the street, 
which is 100 feet between building lines, 
there are brick buildings, generally four 
to six stories, the full length of the sec- 
tion. Similar buildings border the west 
side of the street from 122nd to 128th 
Streets. North of 128th Street to 132nd 
Street on the west is St. Nicholas Park 
rising in a rocky bluff from street leyel. 
The 125th Street station has a mezzanine 
floor 660 x 75 to 85 feet and two island 
platforms 660 feet long. At 124th Street 
a sewer system of three 48-inch cast-iron 
pipes passes under and is a part of the 
contract structures. 


« Construction on this section was be- 
gun 14 March 1925, and the work is now 
85 % complete (Editorial note, Engin- 
eering News Record.) » 


* 
¥ * 


Power-shoyel excavation with motor- 
truck haulage of spoil directly from the 
cut was laid down as an essential of the 
construction plan for Section 3A, Route 
78 of the third subway system. This 
in turn called for a timbering system 
for the cut which would give clear space 
underneath for shovel and truck oper- 
ation. Incidentally it dictated ramps 
instead of shafts for raising the spoil 
from the excavation. 

Briefly the cut required for placing 
the subway structure was 2 640 feet long, 
from 60 to 90 feet wide and from 25 to 
35 feet deep. ‘These dimensions carried 
the excavation well up to the buildings 
generally aud in places under them, 
and always to a depth well below the 
building foundations. For about 1 800 
feet of the north end of the section rock 
is at the street surface on the west side 
and slopes downward to about half the 


Fig. 28. — Bypassing 36-inch and 24-inch gas pipes over St. Nicholas Avenue at 124th Street. 
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Fig. 30. — Concrete mixing plant on New York subway job. 
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depth of the cut on the east side of the 
street. The overburden is earth and 
loose rock. South of this section the 
cut is in earth, loose rock, rock fill and 
rock. The excavation quantities are 


Alf PUYPLINT T° 
ie 


YI 


ale 120000 cubic yards solid rock and 
S| ‘150000 cubic yards of other materials. 
7a The subway structure called for 35 000 
Hl cubic yards of concrete and 5000 tons 

2 HN j of steelwork. 
< hs N Construction is planned to follow this 
- il sequence : 1. Bypassing gas mains; 
ia _ 2. underpinning buildings; 3. opening 
As ~ and covering street half at a time; 4. con- 
l ¢ . structing ramps; 5. excavation; 6. con- 
: ic 2 ereting track slab and column footing; 
LW 7 7. erecting steel; 8. concreting walls; 
bbl » 9. roof concreting after load of street 
e € structures is transmitted to permanent 
2h A f= steel; 10. waterproofing, protective con- 
Sd IS « creting and backfilling; 11. restoring 
S| ia N & sub-surface street services; 12. repaving. 
Sic i a The contract was signed 5 March and 
Sana 2 work was formally begun 14 March, 1925. 
Ly ie @ Bypassing and underpinning. — Occu- 
8 dl S = pation by the subway structure of vir- 
ts | 1S : © tually all of the street made necessary 
: . 8 3 3 the care of all street structures and ser- 
a Ck ee at = Vices. All buildings had to be under- 
a 5 § Ri : rs pinned; stoops along both sides of the 
A § 8 § pon is <= avenue had to be removed or supported; 
ais & Si ia 8 gas and water pipes had to be relocated; 
FA |x 8 Hows g existing sewers replaced by sewer 
ak ae: | = flumes, and electric cables and pneu- 
rt | inatic tubes carried. Much of the tem- 
ris . porary conduit work was handled in 
rs & connection with the timbering work and 
at tp is there indicated. Gas main bypassing 

ce 


was, however, accomplished by surface 
or overhead lines.. This overhead gas 
bypass work involved some unique 
structures as indicated by figure 1. North 
of 128th Street three gas mains were 
replaced by one 12-inch gutter pipe 
along the east curb line of St. Nicholas 
Avenue. Crossing the avenue were a 
48-inch overhead crossing at 127th 
Street; one 20-inch. and one 30-inch. 
overhead crossing at 126th Street; one 
12-inch and one 20-inch overhead cross- 


pohly bale 


NN hk NN 
a------Against 
solid rock 


pee 


36 ery foe ae oe ie 


(fig. 28), and at 123rd 


12-inch, one 24- inch and one 36- inch. 
_ overhead crossing. 
As stated, all buildings had to be un- 


derpinned. Few of them were of great 


height but, by the same token, their yen 


foundations were not particularly deep 
or stable. Methods varied with condi- 


tions. Generally concrete piers, span-— 


ned between by reinforced-concrete 
beams carrying the walls, were used. In 
other cases steel cylinders were jacked 


down and filled with concrete. Where 


later the foundation load had to be trans- 
ferred to the subway steel, steel-beam 
needles were put through the piers to 
take seat finally on.the roof beams of 
the subway. In general there were no 


extra-hazardous underpinning tasks nor 


were special methods required but the 
standard methods used received unusual 
care. 


Decking and timbering cut. — Tim- 
bering and excavation are supplement- 
ary and simultaneous operations in large 
measure but separate description makes 
them more easily understood. At the 
outset, the avenue was decked its full 
width. A power shovel removed the 
pavement for one-half the street width 
and excavated deep enough to allow the 
30-inch I-beams and 5 x 12-inch deck- 
ing supported by 12 x 12-inch posts to be 
placed. When one-half of the avenue 
was covered and available for traffic, 
the other half was excavated and decked 
similarly. With the street decked full 
width, the posts were carried down. and 
the timbering and bracing were develop- 
ed always with the object of bridging 
the cut and so far as possible keeping a 
clear space underneath for power shovels 


and trucks and for construction opera- 


tions. As the trench was in places 90 feet 
wide and over 30 feet deep this timber- 
ing process was a major one, 

A number of types of timbering were 


used to meet varying situations. While 


How these 
tim ering ng de 


ante of ite street 3 was thee 

half being taken out in open cut. — 

half-width timbering holds close 

the basic | design. peste 
et the 


between duvldin gt fine s was dec ok 
east side of the cut being i 


shows the timbering s 
fae e Bs eaves first, 3 


space ve ixcavatias os ons. ] 
section of the 125th. Street sta 
between 124th and 126th Streets there — 
was no rock, the material being sandy 

loam and gravel; the depth of excavation — 
was about 34 feet and the width about | 
95 feet, the subgrade being 12 feet below 
ground water level. On account of these . 
conditions and ae ee ty: of ue 


ing ee iiaciads 
a feature of cae e 


ie fous excavating “for 
tracks. 
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Excavation. — Virtually all excava- 
tion is by power shovel loading directly 
into trucks which climb ramps to the 
street and go on ‘to the dumps. Ramps 
were used to raise the greater part of 
the excavation but in one or two cases 
the shaft method met the conditions 
better and was used. An example was 
the six-track section north of 128th 
Street; the excavation for the east track 
on account of its being very close to 
buildings was left until the steel for the 
other tracks was in place and could be 
used to brace against when sheeting the 
side of the cut close to the building line. 
There were three ramps. Two of these 
were at 132nd Street and at 129th Street 
and handled the excavation north of the 
125th Street station and some of the 
station excavation. The third ramp at 
123rd Street handled the remainder of 
the excavation. 

Blasting was required for about one- 
half of the excavation. Generally a 
-center cut was made and widened. To 
trim the sides, line holes 6 to 12 inches 
apart were fired with small charges. 
The chief trouble came from slides. 
These were handled in various ways but 
generally by buttresses of rock left until 
the steelwork was in place to hold the 
cut wall and then taken out. Ground 
water offered no problem beyond ordi- 
nary pumping methods. Compressed 
air was used for drilling, paving break- 
ers, pumping, steel riveting and other 
pneumatic tools and was provided by a 
power plant which consisted of two 
250-H. P. motor-driven compressors with 


a combined capacity of 2600 cubic feet 
of free air per minute. The pressure at 
the compressor was 110 Ib. 


Steel erection and concreting. — First 
the floor and column footings were con- 
creted. Steel erection, center wall and 
side-wall concreting followed in order. 
Steel forms were used for center wall and 
for the side walls above the duct benches. 
For the roof jack arch forms of steel 
carried by travelers were used. Water- 
proofing, protective concreting, back- 
filling and street restoration follow in 
sequence. 


The concrete was mixed at a central 
plant at 128th Street and St. Nicholas 
Avenue where a side hill provided an 
admirable site for gravity handling of 
concrete materials and mixed concrete. 
The design of the plant is shown by 
figure 30. All materials come in by 
truck at street level on the hill top. 
Sand and stone are dumped into the 
mixer bins or into stock piles having 
capacities of 3000 cubic yards of stone 
and 2000 cubic vards of sand. The 
cement in bags is unloaded from trucks 
into chutes leading to the cement house 
floor. From.the mixer bins stone is 
measured into the mixer charging hop- 
per and sand into an inundator and then 
into the charging hopper. Cement is 
measured into a hopper over a belt con- 
veyor which runs to the charging hop- 
per. From the mixer a chute runs to the 
concrete hopper trucks at street level 
deliver concrete to the work. 
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Metallurgy of locomotive iron and steel, 
By Frep WILLIAMS. ; 


ASSISTANT ENGINEER, CANADIAN NATIONAL RAILWAYS, MONTREAL. 


Figs. 1 to 18, pp. 769 to 771. 


(Railway Mechanical Engineer.) 


At infrequent intervals the mechanical 
department of a railroad is faced with 
the problem of trying to determine the 
cause of an epidemic of broken staybolts, 
crown bolts, springs, or other parts. The 
first step generally taken when making 
such an investigation, is to determine 
that the design is correct and that the 
part has been properly applied. iIf this 
investigation does not reveal the trouble, 
then it is necessary to examine in the 
laboratory by means of tthe microscope 
the structure and physical properties of 
materials from which the various parts 
are made. The photomicrographs often 
reveal some surprising conditions, They 
point particularly to the importance of 
proper heat treatment of anything but 
mild carbon steel. 

The photomicrographs shown in fig- 
ures 1 and 2 show the impregnation of 
slag in wrought iron. These streaks or 
slivers of slag are what cause the so- 
called « fiber > in this material. This 
slag is necessarily brittle and when the 
iron is bent, it will naturally disintegrate 
and allow the iron to come apart and 
give the appearance of a rope-like struc- 
ture in the bar. Slag in iron as a virtue 
is very much misrepresented. Some 
people claim that these streaks of slag 
will stop progressive fracture or, at least, 
delay it or make a ragged fracture when 
the iron breaks. An appeal to reason 
in scanning the photographs shown in 


figures 1 and 2 cannot help but show 
that a progressive fracture would be 
caused internally and also in the surface 
by these slag particles and streaks. In 
spite of these so-called fibrous qualities 
of wrought iron, experience has been 


that staybolts made of this material will 


generally break off short. A comparison 
of the crystallographic structure shown 
in figure 2 with those shown in figures 3 
and 4, will show that wrought iron has 
a cristalline structure similar to low car- 
bon steel. 

Figure 3 shows the uniformity of struc- 
ture in low carbon steel. Its low carbon 
will give uniform structure and it does 
not require heat treatment. Therefore, 
it can be used for engine bolts in prefer- 
ence to wrought iron. In fact, it can be 
headed much more readily than wrought 
iron, as it will not split in heading. 
Neither will it become brittle under the 
head, which is the case in bolts manu- 
factured from higher carbon steel when 
not subjected to subsequent heat treat- 
ment. Figure 4 shows the clean charac- 
ter of very low carbon steel and also the 
similarity in the crystalline structure to 
the wrought iron shown in figures 1 
and 2. A comparison of the physical 
properties of figures 1 and 2 with figu- 
res 3 and 4, will show their adaptability 
to their various purposes. 

Figures 5 and 6 show how essential it 
is to heat treat carbon or alloy steels 
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after they have been subjected to the va- 
rious mechanical workings. It will be 
noted that the structure of tthe rolled bar, 
figure 5, contains very large crystals and 


that they are so interspersed that planes 
of weakness are setup. This necessarily 
makes a very poor transverse tensile 
strength and also leads to brittleness. 


Fig. 438. — Carbon vanadium, 
double normalized. 
T. S., 114400 Ib.; Elong., 22 %; 
BD L., 77270: Ibe; R. -A., 50°35 
Brinell, 222; Mag., 100. 


Normalized at 1 600° ¥., 
Drawn at 1 250° F. 


Figure 6 shows the same bar after 
being subjected to the heat treatment in- 
dicated in the caption. The structure is 
very uniform and dense. The physical 
properties have been improved. The 
heat treatment given above is to show 
the maximum physical properties that 
can be obtained from common carbon 
steel for use as superheater bolts and 
studs. The high elastic limit is obtain- 
ed in order that the bolts will not stretch 
during installation. 


Character of alloy steels. 


Figures 7 and 8 are shown as a com- 
parison of 0.30 % carbon, 1 1/4 % nickel- 
chrome steel with the 0.40 % carbon steel 
shown in figures 5 and 6. The only dif- 
ference in heat treatment of the carbon 
steel and those shown in figures 7 and 8, 
is a matter of 25° lower temperature for 


Fig. 14. — Carbon spring steel, 
as rolled. 


T. §.,° 52200 Ib.; Elong,. 43%; 
Bl. L., 86 800 lb.; R. A., 1%-23%; 
Brinell, 289; Mag., 100. 


the nickel steel than for the carbon, and 
yet the physical properties are very 
much better in the nickel steel than in 
the carbon. The elongation is not as 
great nor is the reduction of area, but 
the tensile strength is much greater. For 
this reason this steel is recommended for 
any purpose where a high tensile steel is 
required such as superheater bolts or 
similar purposes. Neither the carbon 
steel nor the nickel steel should be used 
in the unheat treated condition. This 
ean readily be seen by the crystalline 
structures shown in figures 7 and 8. 


Figures 9 and 10 show how severe me- 
chanical working under the hammer will 
change the structure of the material and 
how a subsequent annealing will make 
a very uniform material by eliminating 
the planes of weakness and non-uniform- 
ity shown in figure 9. It can be readily 
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seen how the material is made more uni- 
form throughout its mass by this an- 
nealing. It must be understood that 
these photomicrographs and test speci- 
mens are very small portions in compa- 
rison with the finished forging, and 
therefore, it does not necessarily imply 
that the physical properties shown in 
figure 9 are prevalent throughout the 
forging, but they vary greatly in hard- 
ness and tensile strength. There is as- 
surance that after annealing tthe material 
it will be homogeneous throughout the 
mass and the physical results obtained 
after this annealing will be very nearly 
alike in different portions of the forg- 
ing. The mechanical strains are also 
eliminated. 


Carbon-vanadium forging steel will 
give very good results if ithe proper heat 
treatment is given the forging. Figure 11 
shows that the grain structure is large 
and that planes of weakness are preva- 
lent. By thorough normalizing, the ma- 
terial is changed to a very homogeneous, 
compact or dense structure and the forg- 
ing strains are relieved. Figure 12 
‘shows the structure from a single nor- 
malizing. Figure 13 does not show much 
difference from figure 12 but is should be 
noticed that the elongation and the re- 
duction of the area are increased ap- 
preciably. 


Characteristics of spring steel. 


If a spring steel is not given a uniform 
heat tyeatment, the structure shown in 
figure 14 will not be obtained through- 
out the spring bar. It will be more or 
less made up of crystals of different 
sizes and hardnesses. This is shown in 
figure 15 which is magnified 730 diame- 
ters to show the hard martensitic struc- 
ture which would be prevalent in spots 
in incorrectly heat treated spring steel. 
Figure 16 shows a uniform martensitic 
structure throughout the spring leaf, 
Note the large difference between the 
ultimate tensile strength and the elastic 
limit of this carbon spring steel. 

Non-uniformity is just as liable to hap-. 
pen in chrome-vanadium spring steel 
when not made and heat treated properly, 
as in carbon spring steel. Figure 17 shows 
crystals of various sizes and hardnesses 
when the steel is not heat treated. Fi- 
gure 18 shows a very dense structune and 
a uniform display of martensite through- 
out the material, due to proper treat- 
ment. There is but a small difference 
between the elastic limit and the ulti- 
mate tensile strength of chrome-vana- 
dium spring steel, which is one of the 
main assets of this steel for spring pur- 
poses. The resistance to fatigue is an- 
other feature of chrome-vanadium spring 
steel. 
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Electrical power for railway signalling and communications, (’) 
By M. G. TWEEDIE, 


HONORARY SECRETARY, INSTITUTION OF RAILWAY SIGNAL ENGINEERS, LONDON. 


Figs. 1 to 10, pp. 778 to 789, 


(Proceedings of the Institution of Railway Signal Engineers.) 


SYNOPSIS. 
INTRODUCTION 


Reference to Mr. Bound’s Presidential address, 

Paper divided into three sections. 

Characteristics and application of sources of power only to be dealt with. 

Requirements of electricity supply defined and discussed and data given. 
SOURCES OF SUPPLY (Section I). 

Primary cells. Dry and wet. Various types. Characteristics discussed. 

Portable accumulators, Charging and distribution arrangements. 

Conversion of power from supply systems. 

Independent plant. Steam, petrol-electric, wind wheels, hand generators. 
Crrowrts (Section IT). 

Various types of circuit. 

Circuits grouped. 

Circuits operated by minimum power. 

Polarized circuits. 

Current saving devices. 


APPLICATION OF SOURCES OF POWER (Section III). 


Points which have to be considered, enumerated, and discussed at length, and various forms 
of power supply suitable for various requirements and conditions are selected. Reliability— 
Primary and secondary cells. Public supply. Separate and common batteries. Low 
annual cost— Centralisation of source of power in one place. 


Comparison between primary cells and power plant. Universal battery. Common battery. 
Centre earthed battery. Application of portable accumulators. 
Alternating current supply and methods of application, including conversion. 


Common batteries for telegraph offices. Telephone exchange and control office requirements. 
Suitable types of plant. 


Voltage characteristics and internal resistance. 
Noise and fumes, 

ConcLusION. 
Problems and questions requiring attention. 


(*) Paper read on the 8 December 1926 by the Author, before the Institution of Railway Signal Engineers. 
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In the presidential address of Mr. A. F, 
Bound delivered by him on 11 February 
1925 before this Institution, there ap- 
pears the following : 


« A direction in which our Institution 
might do some valuable work would be 
to investigate and report on the subject 
of the cheapest and best means of pro- 
ducing electrical energy for all the vari- 
ous functions employed, from an elec- 
trical interlocking frame down to a 
simple high resistance indicator, and in- 
cluded should be a reference to any avail- 
able means for reducing the current con- 
sumption. » 


Up to the present it has not been pos- 
sible to do any work in this direction, 
and as there is very little information on 
the application of electricity for railway 
signalling and communications it is hop- 
ed a paper on the subject, from the trunk 
line point of view will be helpful. 

The power question on electrified sub- 
urban and itube railways is not being 
dealt with, 

It is proposed to divide the paper into 
three sections : 


1. Sources of electricity usually avail- 
able; 

2. Circuits and apparatus using the 
power; 

3. Applications of various sources of 
power to circuits and apparatus. 


No attempt will be made tto describe 
in detail various apparatus and plant 
available, but their characteristics and 
application will be reviewed and dis- 
cussed. 

Where an omission is noticed, a con- 
tribution to the discussion which will fill 
the gap, is cordially invited. 

The requirements of an electricity sup- 
ply or power plant are : 

a) Reliability of supply; 

b) Cheapness in annual cost; 

c) Cheapness in first cost; 

d) Easy to understand and maintain; 

e) Steadiness of supply. 


With regard to reliability, the question 
of puffing « all the eggs in one basket > 
has to be carefully balanced against the 
great economy which generally can be 
obtained by using a common source cf 
power, whether it be a bank of primary 
cells or the supply from a local authority. 

With the great power supply systems 
now in operation and the gradual link- 
ing up of power stations in the future, 
the complete failure of supply from a 
local authority becomes more and more 
remote. Under certain military and 
labour contingencies a general failure of 
electric supply is possible, but when 
these circumstances ‘arise, the importance 
of signalling will probably be slight. 

The reliability of supply is generally 
of first importance for an interruption 
will in some cases cause the complete 
stoppage of trains and in many cases 
train delays, all of which cost money, 
besides the dislocation of business out- 
side the railway itself. 

There are a number of causes of unre- 
liability and failure of supply when pri- 
mary and secondary cells are in use. 

The exhaustion of the cell is probably 
the most common. By exhaustion is 
meant that the closed cireuit terminal 
voltage of the cell or battery of cells is 
below normal. The reason for this may 
be that the wattage taken has been in 
excess of the normal, causing premature 
exhaustion and in consequence the use 
of the circuit, the insulation of the cir- 
cuit and the condition of the apparatus 
connected therein should be examined. 
To ascribe a failure to run-down cells, 
when the circuit is worked abnormally, 
or is faulty is hardly correct, as it is the 
result of the overwork or defect. 

When stationary or portable secondary 
cells are used, insufficient or incorrect 
charging will result in premature dis- 
charge, which can also be caused by in- 
ternal short-circuits. 

Failures due to mechanical breakages 
such as broken wires on zincs, loose or 
broken terminals, cracked containers, 
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broken accumulator plates, can be avoid- 
ed by careful designing and maintenance, 
The housing of cells has an important 
bearing on tthe liability to failures due to 
mechanical causes. Batteries situated so 
that coats and tools can be placed on 
them or rain, sun, or dirt, get at them, 
or so placed that they can be knocked 
by passers-by, are sure, sooner or later, 
to give trouble. 


A satisfactory method of easily and ac- 
curately ascertaining the state of dis- 
charge of all types of cells has not yet 
been discovered. An American version 
of the caustic-soda primary cell has the 
zinc plate so proportioned that it is eaten 
away whentthe limit of capacity is reach- 
ed. The lead-acid accumulators can have 
the specific gravity of the acid electro- 
lyte measured, but for measuring the 
state of discharge of Leclanché type cells, 
dry cells and nickel-iron accumulators 
the voltage test on closed circuit seems 
the only one available and it is admitted- 
- ly not entirely reliable, the accuracy of 
the instrument and the way it is read 
being two uncertain factors. 


It is quite impossible, on account of 
expense alone, to provide all circuits 
with integrating meters to show the pow- 
er taken to operate them and so measure 
the output with precision, and in con- 
sequence alttendance charges must be in- 
curred to enable the necessary testing to 
be carried out. 


Coming now to cheapness in annual 
cost of a source of power (see also Sec- 
tion I). Cheapness must be viewed from 
the broadest stand-point. The question 
can be asked, why cannot electricity at 
3 d. per B. T. U. be used for feeding, for 
instance, the repeater circuits from a 
distant signal or to operate distant signal 
machines ? There is certainly no tech- 
nical reason why it should not be so 
used, but the first cost of the plant to do 
it would be excessive, seeing that arm 
and lamp repeater circuits only require 
0.4 B. T. U. per year from the batteries. 
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The connection to the local supply, the 
transmission line, the apparatus for re- 
ducing the voltage to the required 
amount, various switches, fuses, and me- 
tres, etc., which have to be provided be- 
fore the cheap electricity can reach the 
apparatus it is to operate, make it at pre- 
sent an uneconomical’ arrangement. It 
is possible, however, that simple conver- 
sion devices will become available and 
the repeater apparatus and circuit be 
altered or re-designed. 

At the other extreme there is the large 
all-electric signalling installation with a 
constant detection current of some am- 
peres flowing, with frequent rushes for 
a few seconds of 3 to 5 amperes, or again 
the common battery telephone exchange 
requiring 10 amperes or more when it is 
busy. These are the places where cheap 


. power can be used with advantage, It 


would not be cheap to use primary cells 
to supply power for ‘such installations, 
although they require no cables, metres 
and other expensive apparatus. The 
cost per annum for electricity from such 
a source would be excessive. 

The table I gives the approximate cost 
of obtaining 1 000 watt-hours or 1 Board 
of Trade Unit from various sources, in- 
cluding wet and dry primary cells and 
portable accumulators. It will be notic- 
ed that to obtain this power, some cells, 
while their first cost is low have to be 
replenished frequently, whereas a.more 
expensive cell will, as may be expected, 
give this output without needing atten- 
tion. 

The discharge of the cells has been 
taken down to the normal ‘limiting volt- 
age as generally recognised or as given 
in specifications of purchase. 

The figure for the portable lead-acid 
accumulator includes electricity, labour 
in charging station and handling and 
transport to and from the Jineman. An 
allowance for depreciation of the cells is 
also required when calculating costs. 

Where a plentiful and steady supply 
up to about 7 B. T. U. per week is requir- 
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Approximate cost of 1 000 watt-hours (4 Board of Trade Unit) 
from various sources of electrical energy. 


3 4 a g 3 g g B v 3 38 2 g 
SOURCE. soa | 2Se | B28 | Ba | Bases] “Eos 
> to. Shs 3 o aes ones oS Ee 
“23 | Eee} °S5 | © 32 | Bethel eee 
> Zee a8 a3 SS ious Se 
SE SS RT ST IL SDL TA OO OS EE EEE EE IE A TE 
say 
Electric supply station. . . a dBc i $cc ~~ 2d.or3d. 
1.5 kw. 
Wind-mill plant with stor- 400-120 1.0 190 49 000 Bae 41.3 d. 
agebaltery........ from battery 
4.5 kw. 
Petrol-electric set with stor- 

age battery. ...... > 100-120 1.0 80 8 000 ade 48 d. (1) 
Lead-acid portable accu- 

Titi atone gests est tol ton steaks 2 1.0 120 240 4.416 2sh. 6d. 
Ditto’. So acl. Se ss eer 4 1.0 40 160 6.25 3sh. 8d... 
Nickel-iron potash solution 

accumulator. yen -welene Xe 4.25 0 80 100 10 6 sh. 
Zinc-carbon cell with air 

depolarizer ani salamo- 

MiaeleXxcitanbay mae mene 0.95 0.25 500 475 ead 14sh.6d. 
Tarserdry cellent ae 1.0 0.4 204 204 4.9 22 sh. 6d. 
Ditto. samen eee ety 1.0 0.4 96 96 | 10.2 29 ch. 
Zine-copper oxide cell cans- 

tic soda excitant. . ... 0.65 2.0 4 000 650 1.54 30 sh. 6d. 
Ditlov se, cece Be seteetcas he 0.65 1.0 500 325 3.06 35 sh. 6 d. 
Zinc-carbon cell with man- 

ganese depolarizer and 

salamoniac excitant . . . 1.0 0.4 30 20 33.3 44 sh. 64. 


(1) Excludes capital charges. 
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ed the portable accumulator is the least 
expensive. 

Power generated by small isolated pow- 
er plants is usually the most economical 
arrangement for loads of more than 
7 B.T.U. per week when a supply from 
a local authority is not available. 

Coming now to cheapness in first cost, 
Owing to ittheir simplicity and the ab- 
sence of any necessity for special accom- 
modation or apparatus, resulting in low 
installation charges, the use of dry and 


wet primary cells has been resorted to in 


many instances. 

When power is required in any amount 
say, more than 50 watts, it is cheaper to 
instal a battery of 120 ampere-hour 2 volt 
portable accumulators. 

With larger demands requiring 110 
volts, a supply from a local supply com- 
pany or the provision of some form of 
small power plant is to be preferred. 

First cost is closely bound up with an- 
nual cost and considerable judgement 
and experience are required to select the 
best combination resulting in low first 
cost and low annual charges. 

Steadiness of supply is important as 
variations in voltage may have serious 
effects on signalling and other circuits. 

A voltage curve which slopes, having 
a 33 %-50 % difference between the com- 
mencing and final values, makes the 
source of power from which it emanates 
unsuitable for some purposes owing to 
the necessity for either constant adjust- 
ment of the circuit values or over-volting 
the circuit to start with, with undervolt- 
ing towards the end of the cells life. 

The lead-acid accumulator and soda 
primary cells have a usefully flat voltage 
curve, the variation over the final volt- 
age being in tthe neighbourhood of 
2.1-1.85 = 13.5 % for the lead-acid accu- 
mulator and 16.5 % for the primary cell. 

The voltage of supply services from 
local authorities being usually steady 
makes such a source of power very suit- 
able if it can be applied direct. This 
can be done when alternating current is 


available, circuits being fed through 
transformers and if desired, small static 
rectifiers. z 

As regards ease of maintenance, while 
evening classes and correspondence 
courses enable some technical knowledge 
to be acquired, it remains still difficult 
to find men willing and able to look after 
complicated plant. The extra skill re- 
quired justifies higher remuneration 
which factor has to be borne in mind 
when designing installations. Every en- 
deavour should be made to keep plant 
simple without sacrificing reliability 
and efficiency. Plant requiring the ser- 
vices of the manufacturer’s staff should 
certain parts of it go wrong or get out of 
adjustment, is not suitable for railway 
signalling purposes. 


SECTION I, 
Sources of supply. 

The earliest form of generator of elec- 
tricity for railway signalling and com- 
munications was the primary cell, many 
different forms being employed. These 
have now settled down to the zinc-car- 
bon combination with a salamoniac ex- 
citant and a depolarizer, either in the 
dry or wet form of cell, and the zinc- 
copper oxide combination in caustic- 
soda solution in a wet cell form. 

Much attention has been and is being 
paid to the design of primary cells with 
the result that a number of excellent 
types are available. 

The draw-back of ithe soda cell is its 
low voltage 0.65 which necessitates a 
larger number of cells for a given voltage 
than when the salamoniac cell is used. 
Besides increased first cost, more labour 
in attendance and greater accommoda- 
tion space are required. 

The primary cell still appears to be a 
difficult problem for the best dry cell 
gives approximately 200 watt-hours at a 
cost of about 22 sh. 6 d. per 1000 watt- 
hours, after which what is apparently a 
new cell from the outside appearance 
has to be thrown away. 
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When these cells are broken up, the 
large amount of zinc left raises questions 
regarding the proportioning of the con- 
stitutents of the cells. Cannot such cells 
be designed so that all the elements are 
consumed together and so save waste of 
some of them due to the exhaustion of 
the othen part of the cell ? 

With regard to ithe wet cell, this lends 
itself to replenishment, but necessitates 
the provision of a sink and a water sup- 
ply in battery rooms and linemen’s huts. 

The nature of the excitant used may 
cause difficulty. A corrosive solution is 
unpleasant and not easy to handle and 
increases the cost of the energy obtained 
in consequence. 

The cost of electricity obtained from 
these cells is very considerable and every 
endeavour is made to get the utmost out 
of the elements employed. 

The difficulty and labour involved in 
replenishing wet primary cells approach- 
ing exhaustion, situated some distance 
from sinks and water, add greatly to the 
cost of the electricity produced and re- 
course has had to be made tto some other 
means of obtaining the electrical energy 
required. During tthe last twelve years 
the use of the portable lead-acid accumu- 
lator has been greatly extended. The ac- 
cumulator of this type has an almost flat 
voltage curve and negligible internal re- 
sistance besides the highest voltage of 
any cell. 

Recharging is easy and cheap but to 
obtain the full effect of these advantages 
a well organised system of distribution 
is required, and such a system is now 
described. 

Every circuit using an accumulator or 
battery of accumulators must have its 
own code letter and number, and lists of 
these circuits must be prepared and kept 
corrected. A rigid time-table must be 
prepared for the use of the lineman 
showing him when each accumulator has 
to be replaced by a charged cell and re- 
moved from iits circuit and returned to 
the charging station. Likewise another 


time-table is required for the accumula- 
tor charger showing the date, train, and 
destination of accumulators to be seat 
away. 

To every circuit is allotted a lead or 
fibre disc or tab bearing a code letter 
and number. One disc is placed in the 
accumulator cupboard or box and the 
other is placed in a special rack in the 
accumulator charging room. 

Every .cell which is sent out in addi- 
tion to its individual number has attach- 
ed to a terminal a disc (which has a slot 
cut in it) bearing the code of the circuit 
for which it is intended. 

The lineman on receiving the accumu- 
lator substitutes it for the partially dis- 
charged accumulator, removing the slot- 
ted disc from under the terminal nut. 
The disc is then attached in a like man- 
ner to the terminal of the discharged 
cell and it is returned to the charging 
station. 

The dispatch and receipt of cells are 
recorded on special forms and the non- 
return of any cell can be detected with 
ease. 

For travelling purposes, portable accu- 
mulators are carried in detachable car- 
riers and enclosed in strong wooden 
boxes, which usually hold four cells. 

To ensure interchangeability, the di- 
mensions, voltages and capacities of cells 
must be kept similar. In practice it will 
be found that 2-volt 120 ampere-hour 
and 4-volt 40 ampere-hour accumulators 
will be sufficient to provide all the vari- 
ous combinations required. 
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Fig. 1. — Portable accumulators, 2-volt and 4-volt types. 


Not to scale. 
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Figure 1 illustrates the two types of 
portable accumulator suitable for sig- 
nalling work. 

These cells have stout celluloid con- 
tainers, so that the acid level and condi- 
tion of the cell generally can be easily 
seen. 

The pilates, separators, bottom rests, 
vents and terminals should be such that 
violent treatment will not cause prema- 
ture discharge. As the recharging is 
done by the constant current method 
they should be designed accordingly. 
Weight must be kept down to a mini- 
mum. A life of more than three years 
should be obtainable. 

When power is required from supply 
systems in some quantity, the transfor- 
mation to the required pressure is most 
economically carried out by motor ge- 
nerators, alternating current or direct 
current, being converted to say 24-36 
volt direct current with ease. Small 
0.5 kw. direct current motor generators 


- have an overall efficiency of about 42 % 


and alternating curnent motor generators 
of the same size about 47.5 %. 

Such plant is best suited for charging 
accumulators where continuous running 
of the set from one week’s end to an- 
other is not necessary. A duplicate bat- 
tery is usually provided with such plant, 
one battery being on discharge while the 
other is -being recharged or standing 
spare. 

An interesting type of motor generator 
accumulator charging plant has recently 
been evolved in which the battery is di- 
vided into sections and each section is 
charged separately, but is not discon- 
nected from the load. The duplicate 
battery is dispensed with and a uniform 
non-drooping voltage is obtained. As 
the motor-generator with this plant may 
only require to charge two cells in series 
at once, at say 25 amperes, it is a very 
small and consequently an inexpensive 
piece of plant, taking very little current 
from the supply system. It runs, how- 
ever, practically continuously, a train of 


gears being driven by it, adjusted to 
operate a battery switch which changes 
over the charging of a section of cells to 
the next section, as desired. A voltage 
control is also available and soaking 
charges can be given. Figure 2 shows 
this plant diagrammatically. 


Motor generator, 
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Thermostatic trip. 
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v. 


contacts at 2.6 volts. 


Fig. 2. — Round-about type auto battery charging equipment. 


A plant of this type is in use in Scot- 
land feeding groups of track circuits and 
illuminated diagrams requiring a uni- 
form voltage. 

When no local supply is available and 
yet a considerable amount of power is 
required, resort must be made to inde- 
pendent power plants, with prime mov- 
ers deriving their energy from coal, pe- 
trol, oil, or wind. 

It is possible where a steam plant has 
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had to be provided for locomotive pump- 
ing purposes, such as water troughs or 
locomotive running sheds, for a small 1 
or 2 kw. steam driven set to be installed, 
charging stationary accumulators twice 
a.week. 

Petrol-electric sets are now popular 
for this class of work and are quite eco- 
nomical both in first cost and running 
charges, A first-class representative 
make having a 3-braking-Horse power 
single cylinder water cooled engine with 
a dynamo to give 1.5 kw. direct current 
at 50 or 100 volts, and an accumulator 
battery of 80 ampere-hours, would cost 
approximately £200 with a building. 

The cost per B. T. U. generated assum- 
ing 7 B.T.U.’s used per week would be 
approximately 1 sh. 6 d., this to include 
fuel, oil, maintenance of engine and bat- 
tery, renewals and attendance. 

An oil engine of the self ignition type 
direct coupled to a dynamo with 260 am- 
pere-hour battery at 120 volts will ge- 
nerate power at 1 sh. 8 d. per B.T.U. if 
2500 B.T.U.’s per year are generated. 

There are places so exposed tthat wind 
can be made use of, and in this connec- 
tion the report on the « Use of windmills 
for the generation of electricity > issued 
by the Institute of Agricultural Engineer- 
ing, University of Oxford, is worthy of 
careful perusal. 

Therein is described nine ttypes- of 
plant. In some, the dynamo is gear or 
chain driven by the wind wheel, and in 
others the dynamo is on the same shaft 
and housed against the wind wheel. In 
tests made in 1924-1925 at Harpenden, 
Hertfordshire, England, a windmill drivy- 
ing a 1.5 kw. 100-120 volt set generated 
1370 B.T.U. during the year. This, 
allowing for battery efficiency, gives 


about 20 B.T.U. available for use per’ 


week; more than. enough for many sig- 
nalling installations. 

Such a plant costs approximately £350, 
and the cost per B. T. U. available for use 
11 sh. 3 d., which includes depreciation 
of plant and battery plates, etc. 


It is interesting to note in view of pre- 
sent labour costs, that the maintenance 
and repairs are estimated to come to 
about £3 10 sh. per year. 

The data regarding wind shows that 
during the 8 760 hours in a year, there 
was wind for 89.9 % of the time, there 
being calm for 10.1 % of the year. Dur- 
ing May and September, no calm periods 
occurred; June, July and August had 
687 hours calm, or 31.1 -% of the total 
hours of these months. During these 
months 92.13 B.T.U.’s were generated, 
and allowing for battery efficiency, this 
gives 69 B. T. U’s available for use, or 750 
watt-hours per day. A 100-volt 120 am- 
pere-hour battery is considered suffi- 
cient for a plant of this size to carry over 
the longest calm period. It is important 
to choose a plant carefully in relation ‘to 
the anticipated doad during the summer. 

A source of power adopted when pri- 
mary and secondary cells, are objected 
to, is the small hand-driven generator, 
giving either alternating current or di- 
rect current. 

For circuits requiring low frequency 
alternating current viz., 12-18 cycles, 
such as magneto telephone bells or indi- 
cators, etc., a hand turned magneto is 
popular for small telephone installations. 

For the operation of electrically operat- 
ed point motors, signals, etc., a small di- 
rect current dynamo, the armature of 
which is revolved by a handle through 
gearing, is finding application in a num- 
ber of installations. These dynamos give 
out about 120 watts at 100 volts and 
points are moved over by a few turns of 
the handle. When used on a circuit 
where a « hold-off >» current is required, 
a primary battery is brought into use by 
a relay when the dynamo ceases to ge- 
nerate. 

SECTION I. 
Circuits 
for signalling and communications. . 


The circuits employed for signalling 
and communication purposes are extre- 
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mely varied. There are circuits requir-_ -: 


ing a few milliamperes at 1-3 volt direct 


In the continuous current class b) can 
be included track circuits, either feed by 


current, once or twice a day, and at the direct current and alternating current, 


opposite extreme are steady demands of 
many amperes alternating current at a 
pressure of 110 volts or higher. 

Between these extremes will be cir- 
cuits requiring a direct current supply 
of a few milliamperes at 100 volts or 
more, the current being taken in short 
rushes, offers an absolutely steady sup- 
ply voltage although the current demand 
may vary considerably. There will also 
be circuits requiring the voltage curve to 
be perfectly smooth and ithe source of 
power, if a battery, to have negligible in- 
ternal resistance. Quite a number of cir- 
cuits require the reversal of the polarity 
of the operating current. 

There are also circuits the interruption 
of which may- result in trains being 
checked or completely stopped, or com- 
munications may be broken down or 
again the failure of a circuit to function 
may merely result in nothing more seri- 
ous than inconvenience. 

The result of these varied requirements 
is that the source of power suitable for 
a particular circuit should be chosen 
only after careful examination of the cir- 
cuit’s characteristics, and this part of 


the subject is dealt with in Section III 


of this paper. 

Circuits may be divided into two main 
groups: a) intermittent; b) continuous 
(steady or fluctuating) current. Inter- 
mittent may be defined as a circuit tak- 
ing current for less than one minute. 

In this class a) are grouped the follow- 
ing : 
telephone circuits, ringing current in te- 
lephone circuits, block bell line current, 
block bell local current, signal machines 
(high and low voltage), point machines 
(high and low voltage), single needle 
instruments, certain telegraph circuits, 
electric locks, transient track circuits, 
certain telephone signalling lamps, tele- 
phone exchange eye-ball Bae gtOls: and 
drop indicators. 


office bells, selective currents in , 


local winding of two-element alternating 
current relays, electric detection cir- 
cuits, electric lamps in illuminated dia-; 
grams, electric signal lamps, both day-. 
colour light or. instead of oil burners, 

lamps in lever lights, common battery te- 
lephone exchanges, common battery con- 
trol tables, ringing vibrators, bloc disc 
instruments, arm repeater <« on > circuit, 
arm repeater < off» circuit, light repeater 
« in » circuit, track indicators, repeat 
relays, fire alarm systems employing 
constant currents. i 

Table II gives some data for a few re- 
presentative pieces of apparatus, For — 
estimating the ampere hours required by 
various circuits, when the current is 
steady and continuous, the curves given 
in figure 3 are useful. One set of curves 
is for current passing with different re- 
sistance values when connected to 2-volt 
or 4-volt accumulators. Another set of 
curves gives the ampere hours taken at 
a given current value over periods of 
one week, a fortnight, one month, etc. 

In the past it has been the object of 
instrument and apparatus designers to 
reduce the watts necessary for operating 
signalling apparatus to the minimum, 
with a view to economising battery 
power. 

The exquisite workmanship and inge- 
nuity in design resulted in a microscopic 
power consumption and instruments be-- 
came so sensitive that a limit in mini- 


‘mum operating current has: had to be 


introduced into specifications, to pre- 
vent such apparatus responding to earth 
currents due to magnetic storms, leakages 
from power systems, electric railways, 
etc. 

Careful circuit design has obtained 
economy in power, by the use of various 
forms of relays to switch on power lo- 
cally and thus save transmission losses. 
Such arrangements are found in some 
power renal ne systems where the pow- 
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TABLE II. 


Current and watts taken by various apparatus. 


eee Watts taken. 
INSTRUMENT OR APPARATUS. a ee cs GR. ake) 
Ohms, current. Rcananaine" of demand. 
Amperes, 
Signalling apparatus. : 
Track Indicator. ©. odes cheb Gecaehe 1 000 0.005 0.025 Continuous. 
Detection relay pa ae. Hee cee ees 41 000 0.0412 0.144 — 
‘Track indicatorsiem. 2 eames 400 0.010 0.040 _— 
— a= Pe imagitee ee atone tts 250 0.016 0.065 — 
== ‘i(type)irelayc soy 2 hoe a 250 0.042 0.036 _ 
Block dise (Spag : movement) ... . . 170 0.010 0.017 — 
Repeaters(arm)nc% eqescnelen tae 170 0.007 0 008 . — 
Repeater (light) Spag: movement. . | 50 and 450 0.012 0.036 — 
Block bellilinesrelayss cea. see ease 50 0.1400 0.500 Intermittent. 
(rack (type)irelayic tc. seme aor 50 0.030 0.045 Continuous. 
Electric lock (Great Western Railway) 20 0.400 3.200 Intermittent. 
Block bell local circuit... 4 40: <0; 40 0.500 2.500 — 
Track relayaeiig Site ce oh eae ) 0.055 0.027 Continuous. 
mre as Pa Mi Ba act eet 4 0.077 0.023 — 
Track circuit feed2 volts ...... 0.200 0.400 _—. 
anap, Man), J voltsm.s-s'.mrua ear 0.250 3.000 — 
Telegraph and telephone apparatus. 
Single'needle.~. s "foes eae eee 130 0.010 0.013 Intermittent. 
Double current circuit polarized relay, 200 0.0005 0.00005 — 
Polarized:soundér = 20-7 ase eee nce 1 000 0.040 0.400 -—— 
Sounder)local Vi) .a- oe Pe eee 20 0.055 0.006 — 
Switchboard eye-ball indicator. . . . 500 0.048 1.452 Continuous. 
= lamps, 24 volts. .... 240 0 100 2.400 _— 


er to tthe point, or signal motors, signal 
lamps, etc., is switched on direct by a 
circuit controller, or again, the power 
for an electric lock is controlled by a re- 
peat relay in a local battery circuit. 

Motor driven horns are also controlled 
by relays in the same way. 

The use of the catch-rod contact, hand 


plunger or foot-plunger in an electric 
lock circuit is a current saving device. 

The transient track circuit system is 
an attempt to save the constant drain of 
power ithrough the ballast and relay 
when no vehicle is near or on tthe track 
circuit. The saving would about 9.4 
watt-hours per day. 
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The preference for a continuous indi- 
cation of the state of an unoccupied track 
costs something for the provision. of 
power, whereby such an indication is 
given. The most economical indicator 
takes about 220 watt-hours per year. 
The fhree-position block instrument 
which is also used to indicate the pre- 
sence of trains on the track is allowed to 
show < line closed » and takes no energy 
wher: the line is unoccupied. 

The signalling principle requiring the 
« stop >» or « danger » indication or effect 
to be given should power fail, by its very 
nature demands a steady drain of energy 
and no reduction can be made which 
runs contrary to this principle. 
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SECTION III. 


The application of the source of power. 


The various sources of electricity and 
the circuits requiring it having been re- 
viewed, the stage is now reached when 
the selection of the most suitable source 
of power for any particular purpose can 
be discussed. 

When dealing with this question, the 
following points need consideration : 

1. Is it vitally important that there 
shall be no interruption of supply ? 

2. Is low annual cost of the utmost im- 
portance ? 

3. Is skilled attendance available ? 
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4, Must the voltage curve be flat for all 
loads and not droop at all towards the 
end of some days? 

5. Must commutator ripple or similar 
irregularities be entirely absent from the 
voltage curve and must the internal re- 
sistance of a proposed battery be ne- 
gligible ? 

6. Must the plant installed be silent 
and odourless in operation ? 

7. Is the operating current to be re- 
versible in polarity ? 


For circuits the interruption of which 
results in serious consequences it is ge- 
nerailly recognised that a first class pri- 
mary or secondary cell or cells are the 
best means of supplying power, depend- 
ing on the nature of the circuit to be 
operated. A well maintained accumu- 
lator battery is very reliable and suitable 
for many important purposes. The re- 
charging of such batteries requires plant 
the reliability of which while important 
is not vital, owing to the usual storage 
margin allowed when selecting accumu- 
lators. 

The choice of separate battery and 
central or common battery systems de- 
pends on the opinion as to which is the 
more reliable, viewed from the widest 
point of view. 

The supply given by local authorities 
from their power stations is in most 
cases of a high standard of reliability 
and can be depended on for most pur- 
poses. 

When low annual cost is of the utmost 
importance the correct arrangement of 
the primary cells when used or the cen- 
tralization of the battery‘and power plant 
ensures that the energy is used in the most 
efficient manner. If primary cells are 
used, 
them up to bear in mind one of the rules 
laid down by the late Dr. S. P. Thomp- 
son, regarding the grouping of cells. 
For grouping of cells to ensure the best 
economy, he says: < So group the cells 
that their united internal resistance shall 


it is important when connecting 


be very small compared with the ex- 
ternal resistance. In this case the ma- 
terials of the battery will be consumed 
slowly, and the cunrent will not be drawn 
off at its greatest possible strength; 
but there will be a minimum waste of 
energy. > 

For the constant or fluctuating current 
circuit of 24 volts or over, taking more 
than 0.25 ampere or 42 ampere-hours per 
week, a small plant taking power from a 
public supply at 3d. or less per B. T. U. 
may be considered. , 

When a public supply is not available, 
a battery of 120 ampere-hour portable 
accumulators is economical. 

If 96 ampere-hour dry cells are used, 
the cost of such cells per annum would 
amount to approximately £80, whereas a 
small accumulator plant of 50 ampere- 
hour cells would supply the circuits re- 
quirements for £10 including deprecia- 
tion and renewals. Figure 4 gives some 
curves whereby the annual cost of power 
at various prices per kilowatt-hour can 
be ascertained when the daily consump- 
tion in watt-hours has been determined. 

To save cells, the Universal battery 
system (fig. 5) has been in use for many 
years, groups of similar pieces of appa- 
ratus, such as single needle telegraph in- 
struments being connected to one bat- 
tery, the requisite voltage being obtained 
by tapping the battery at various voltage 
points. 

A development of this idea is the com- 
mon battery system (fig. 6) which can 
be adopted with advantage where there 
is a group of various and.different, types 
of instruments, such as a large signal box 
or telegraph office. Such a battery, if it 
is considered as a single battery, must 
have its centre earthed, which also ap- 
plies to the Universal battery. 

From the positive, negative and earth 
terminals of the common battery are run 
leads to bus bars in a resistance cabinet 
nean the apparatus. Each circuit is fed 
from tthe ’bus bars through suitable re- 
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sistances connected thereto. By this 
method a 48-volt centre earthed battery 
of 120 ampere-hour portable accumula- 
tors in a signal box will supply the key 
discs, block bell, line and local circuits, 
lock indicators and track circuit indi- 
cator circuits for two months if \required, 
as such a signal box takes approximately 
1.2 ampere-hours per day. 

For smaller signal boxes the same meth- 
od can be used with primary cells. By 
the adoption of the common battery sys- 
tem many cells are dispensed with, which 
are now necessary with the separate bat- 
tery system. The reduction of the num- 
ber of cells required from, say, 150 to 
50, enables the specially built battery 
room ito be dispensed with and this so- 
metimes' saves between £50 and £100 in 
the construction of a signal box. A bat- 
tery cupboard under the signal box 
affords ample accommodation for the 
small number of cells required. 

The use of dry primary cells to feed 
track circuits while being simple is the 
most expensive method, particularly 
when a 0.5 ohm or higher train shunt 
is required. 

Track circuits in inaccessible positions 
such as those in use with controlled ad- 
vance section signals or semi-automatic 
signals, can be fed by portable accumu- 
lators, distributed weekly or fortnightly 
by special train. If such an installation 
is in the neighbourhood of a first-class 
alternating. current electric supply, the 
following methods can be adopted : 

a) Take the alternating current direct 
at 110 volts to suitable rectifiers connect- 
ed to the rails, This has the advantage of 
simplicity and the direct current relays 
and other apparatus can be retained. It 
is also most economical in power and 
hardly any attendance is required. A 
track circuit fed by this method takes 
from the supply system approximately 
9 B. T. U. per annum; 

b) The rails can be fed by alternating 
current stepped down, alternating cur- 
rent relays and other apparatus being 


‘conductor. 


employed. This is expensive both in 
first cost and power consumption, but 
possesses the merit of being immune 
from stray direct currents such as may 
be experienced with electric traction, or 
in the neighbourhood of electric trams; 


c) The alternating current to be taken 
to rectifiers, the floating battery system 
being adopted (fig. 7). 

At appropriate points the power line is 
tapped by a ttransformer which reduces 
the'transmission pressure to say 110 volts. 
The alternating current is then convert- 
ed to direct current, an accumulator bat- 
tery of small capacity, say, 10 ampere- 
hours or so, being connected across the 
rectifier or motor-generator terminals. 
The load is connected across the accu- 
mulator terminals. By careful adjust- 
ment the voltage can be maintained con- 
stant and the accumulators will be kept 
in a fully charged condition. If track 
circuits are connected to such a battery, 
the rectifiers or motor-generator will in 
effect supply the feed watts. When sig- 
nal machines are connected tto a floating 
battery, the rush of five amperes or so 
when a signal is worked off is drawn 
from the battery and the trickle charge 
replaces the loss afterwards. The small 
and uniform nature of the demand on 
the supply line enables a minimum size 
of conductor to be used, resulting in low 
installation costs; 

d) Another system used when alternat- 
ing current is available, is to have two 
sets of accumulators, one being connect- 
ed to the lead and the other being re- 
charged or standing spare. As the cells 
with this system are of larger capacity 
than with the floating battery system, a 
larger storage margin is available, should 
the main supply be interrupted. The 
system however needs larger rectifiers 
or motor-generators and the demand on 
the transmission line necessitates a larger 
It is also necessary for the 
accumulators to be changed over by 
hand or other means at stated intervals, 
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A number of types of alternating cur- 
rent to direct current rectifiers are avail- 
able, some designs using a vibrating or 
moving member which moves in phase 
with the alternating current, others em- 
ploy thermionic valves, others electro- 
lytic valves, and some of tthe largest use 
a bulb filled with mercury vapour in 
which an arc glows. A small rectifier is 
also available, consisting of discs of cer- 
tain metals, no moving parts, gases, or 
liquids being required. The overall effi- 
ciency of rectifiers varies between 40 % 
and 80 %. : 

Alternating current transformed to the 
required voltage or rectified and used 
direct for operating circuits [see a) and 
b)] while economical in a) and immune 
in b) is liable to complete failure. This 
has been met by a system having reserve 
batteries of primary or secondary cells, 
with automatic switching, which will 
bring them into use should the alternat- 
ing current fail. Signal lamps can be 
kept alight by this method, but the alter- 
nating current signal and point machines 
and alternating current relays, etc., would 
remain out of action until the alternating 
current was restored. Figure 8 illustra- 
tes two methods of applying this system. 

When an electric supply is available at 
a station or junction with a number of 
signal boxes, and perhaps a telegraph 
office, central batteries of accumulators 
of 28 volt and 120 ampere-hour capacity 
can be provided charged from the supply 
by a suitable machine. 

At the signal boxes should be installed 
24-volt batteries of _ accumulators of 
10 ampere-hour capacity two batteries 
being joined in series with centre point 
earthed. The circuits to be fed should 
be connected through a resistance cabi- 
net as already described. Each signal 
box battery, other than the central bat- 
tery, is fed by two wires and a trickle 
charge of 50 milliamperes or so. Figure 9 
shows this system, with the main battery 
in one of the signal boxes, 


This system saves many primary cells 
and battery room accommodation. 

For supplying the power required by 
a telegraph office, other than one which 
can be fed as above, primary cells while 
cheap to instal and simple to look after, 
are most expensive to maintain if the 
office is of any size. The usual method 
of using cells, is to put the fresh cell on 
the more heavily worked circuits and 
afiter its voltage has fallen somewhat, to 
change it to more lightly worked circuits 
and so on until it is discharged. This all 
means attendance and constant testing. 

If an alternating current supply is 
available, batteries of smail accumulators 
can be installed, charged in sections by 
a rectifier of some kind, the instruments 
being fed through resistances from com- 
mon ’bus bars. Such a system was in- 
troduced into one telegraph office and 
effected a saving in annual maintenance 
of more than £200 per annum at a cost 
of £25 per year. 

For charging large numbers of port- 
able accumulators at once, ia direct cur- 
rent supply is essential for cheap instal- 
lation cost, as the charging can be done 
direct from the mains. If alternating 
current only is available, a large mercury 
vapour rectifier or a motor generator is 
essential. As not more than two types 
of cell should be in use, the charging 
room, Which should preferably be divid- 
ed into brick cubicles, can have the 
shelves Jong enough in each cubicle to 
take 90 2-volt and 45 4-volt accumulators 
in series, when the supply is 230 volts 
direct current; cubicles being allotted to 
each type of cell, Adjustable resistances 
or special banks of carbon filament 
lamps in series with the cells enable cur- 
rent regulation to be effected. Different 
sizes of cells must be kept*together. Fi- 
gure 10 shows accumulators charged 
from a direct current three-wire system. 

With such a plant charging 2 000 cells 
per month, an average of 0.4 B.T. U. per 


cell of both types will be used, the total 


Shoo 


cost being about 6 d. per cell distributed 
to the linemen. 
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Fig. 10. — Portable accumulator charging. 


It is most essential that the cells shouid 
be entirely insulated from the shelf and 
from each other; 2-inch glass strips, 
1/4-inch thick, held on edge in lead feet, 
two strips side by side make excellent 


*- insulated and acid-proof stands. 


For feeding common battery telephone 
exchanges, a 24-volt accumulator battery 
is almost universally used, except in 
small exchanges, when large primary 
cells may be adopted. The accumulator 
battery is usually provided in duplicate, 
one battery working the exchange while 
the other is on charge. The positive ter- 
minal of the working battery is earthed. 
It has been found that to charge a battery 
whileiit is connected to ‘a. common battery 
exchange results in the commutator hum 
being audible in the receivers, unless 
special impedances are introduced to 
smooth out the ripple. These imped- 
ances connected in the output lead from 
the battery are considerably used to save 
a second battery. A practical difficulty 
however arises when the single battery 
requires taking out of use for replating, 


ete. 


The automatic plant referred to in the 
first part of this paper which charges sec- 
tions of its battery in rotation is also 


suitable for exchange work, and is free 
from ripple and the accumulators can be 
readily renewed, section by section. 

For working vibrators or ringers for 
exchanges, iit is necessary to feed them 
from separate batteries, owing to the 
ripple trouble. Ringers driven by small 
direct current or alternating current mo- 
tors run off supply mains is ene most eco- 
nomical arrangement when they run con- 
tinuously. 

Power signalling installations, if direct 
current, require motor generators and 
duplicate accumulator batteries of consi- 
derable capacity. The usual voltages of 
110-120, with 24 volts for indication pur- 
poses, and the desire for reliability make 
the provision of such plant necessary. 

Power signalling installations are in 
use, however, taking alternating current 
direct from local supply systems which 
after being reduced to 110 volts alternat- 
ing current by static transformers, feeds 
alternating current signals, point machi- 
nes, relays, and lights without the provi- 
sion of any running plant. Alternating 
detection current from 110/20 trans- 
formers is used and alternating current 
circuit controllers placed close to the 
point machines, operated from the signal 
box, switch the power direct on to the 
point motor, resulting in saving in cop- 
per in the mains betw een the signal box 
and point motors. 

For generating power at installations 
away from a public supply, the use of ihe 
modern petrol-electric set will be found 
satisfactory and economical. At expos- 
ed situations it is an open question 
whether windmill plants would not be 
the cheapest to run. They have strong 
claims for consideration. During un- 
usually long periods of calm, a portable 
petrol-electric set could be brought from 
headquarters without much trouble to re- 
charge the battery, such a set being able 
to look after a large number of wind 
plants. The portable generating set sys- 
tem could be used in other ways, the pro- 
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vision of separate engines and dynamos 
being dispensed with when two or more 
power plants are situated conveniently 
for rail transport of the portable set. 

For working single line instruments, 
tthe primary cell is the most suitable for 
providing the intermittent current at 
about 30 volts which is usually required. 
Hand generators are also used for this 
purpose. Primary cells are best for local 
battery speaking telephones, battery ring- 
ing telephones, office bells and loud 
sounding bells unless they are motor driv- 
en, when portable 4-volt accumulators 
would give best results. Klaxon horns 
used for warning purposes opr for calling 
drivers back by code calls, are best work- 
ed by 4-volt portable accumulators. 

The direct current hand generator is 
used for operating point and signal mo- 
tors and all tthe safeguards associated 
with power signalling can be furnished. 
Normal and reverse check-lock circuits 
for points are arranged and the normal 
check-lock on signals. For constant 
currents in the detection circuits, a bat- 
tery of primary cells is used, coming into 
circuit after the generator has ceased ‘to 
work. Such a method of generating 
electrical energy is suitable for small 
power signalling installations, where 
there are a few levers worked occasional- 
ly. A power plant is entirely dispensed 
with.in such circumstances. 

The question of 
being available, generally means that 
where it can be obtained the best and 
most economical plant can be installed. 
Such attendance ensures the results ob- 
tained outweighing the extra remunera- 
tion which will legitimately be expected. 

In situations where only semi or un- 
skilled labour is possible, recourse to the 
simplest form of power is inevitable, the 
dry. cell, the simplest form of wet cell 
or hand driven magneto or dynamo being 
adopted. The wet cells would probably 
have to be made up in some central de- 
pot, being handed ready for use ‘to the 
unskilled labour. The hand driven ma- 


skilled attendance . 


gneto or dynamo is suitable under these 


circumstances for circuits requiring an 


intermittent current for a few seconds, 
such as ringing a bell or dropping an 
indicator at some distant point. 

The voltage characteristics of a source 
of power have a bearing on its suitability 
for some circuits. 

The primary cell of the zinc-carbon 
type has, as already mentioned, a sloping 
voltage curve 1.5-0.9, but it can be used 
on intermittent and semi-intermittent 
work such as office bell, block bell and 
block disc, and repeater circuits, water 
level indicators, etc. 

The larger sizes of cell are used_ to 
some extent for feeding track circuits, 
but in this size which is somewhat ex- 
pensive, the only justification for their 
use is the impossibility of using anything 
else. 

The caustic-soda primary cell has a 
flattish voltage curve and is for that rea- 
son favoured for track circuit feed work 
but its voltage 0.65 being so low, a high 
irain shunt is not always possible of 
attainment. 

The lead-acid and alkali accumulators, 
the former giving an almost flat curve at 
2.0 volts and the latter at 1.25 volits, are 
best for feeding groups of track circuits 
and indicator lamps where a steady volt- 
age is desirable. 

Telephone exchanges with lamp sig- 
nalling must be fed from a uniform volt- 
age supply and the accumulators for 
large and the caustic-soda primary cell 
for small telephone exchanges are a good 
arrangement.. For common battery tele- 
phone exchange work with common bat- 
tery speaking, the source of power must 
be free from ripple or other voltage irre- 
gularity which might be caused by in- 
ternal resistance of the battery supplying 
the power, the resistance of the leads 
between battery and exchange or ‘a vi- 
brator or similar piece of apparatus con- 
nected to the exchange battery (see also 
page 789). The lead-acid accumulator 
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meets these requirements and for that 
reason is commonly used. 

Internal resistance has an important 
effect on the available voltage, not only 
reducing it, but causing it to droop. It 
is interesting to note that to obtain 
120 volts from a battery of Leclanché 
cells, sufficient cells have to be included 
in the battery to make up for the loss of 
about 18 volts due to internal resistance. 
In this case 13 % of the energy generat- 
ed is wasted in the cells. 

There are at times battery or power 
rooms so placed that the hum of running 
machines or the smell of the gas given 
off by accumulators is objected to by the 
occupants of neighbouring rooms. It 
may be necessary, if it is a big plant, to 
move the motor generator, engine set, or 
large rectifier to a more remote place, 
but the battery will have to remain near 
the exchange to keep the copper drop 
between it and the exchange as low as 
possible. - 

Quiet rectifiers are the thermionic and 
electrolytic types and they can be used 
without fear of complaint. They are 
however, small in capacity. The acid 
fumes trouble is got over by covering the 
top of the electrolyte with anti-spray oil 
to the depth of 1/8 inch, Sealed top ac- 
cumulators also reduce the acid fumes. 
The prevention of acid fumes enables the 
accumulators to be erected in the same 
room as the charging apparatus, switch- 
board, etc., thereby reducing the cost of 
accommodation. Another advantage of 
anti-spray oil is the prevention of evapo- 
ration of the water, an important saving 
being effected thereby. 

The two usual methods adopted when 
the polarity of a direct.current source of 
power has to be reversed, is either by the 
provision of two batteries one for each 
polarity or by a reversing switch, key or 
contact box. When two batteries are 
used, one pole is usually earthed and in 
consequence they are not always suitable 
for all circuits to be worked. It is also 
found that one battery may be discharged 
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much more than the other and they 
should be proportioned accordingly. A 
good, though small, example of this is 
the signal arm repeater, which requires a 
battery of twice the capacity for the 
« on » indicator to that for the « off > in- 
dicator. 


Conclusion. 


Having now reviewed some past and 
present practices and tendencies relating 
to the supply of electrical energy for ope- 
rating signalling and communication ap- 
paratus, it is of interest, and perhaps 
value, to enumerate some of the problems 
and questions which require an answer. 
Taking them at random, they are : 


1. Is the supply from large power sta- 
tions sufficiently reliable for signalling 
purposes, when used direct from the 
mains ? 

2. Cannot standard signalling voltages 
be adopted ? 

3. Will electrical signalling apparatus 
of all kinds be designed to operate on, 
say 24 or 110 volts direct current ? 

4, Will not the day come when the 
great trunk railways will have power 
supply mains for signalling purposes run- 
ning by the side of their main lines from 
one end to the other of their systems ? 

5. Cana static direct current to direct 
current converter of good efficiency be 
produced ? ; 

6. With the data now available, are 
wind driven plant suitable for producing 
electrical power for signalling purposes, 
under certain circumstances ? 

7. Cannot some signalling circuits be 
standardised and so enable, amongst 
other advantages, the source of power to 
be standardised ? 

8. Cannot sizes, outputs, designs, spe- 
cifications, etc., of primary and portable 
secondary cells be standardised ? 

9. Are primary cells better than port- 
able accumulators for general signalling 
purposes ? 

10. Is it possible to design primary 
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cells so that the amount of energy left in 
them can be accurately and cheaply as- 
certained ? 

11. Is it possible to design dry cells 
which will keep and stand in use indefi- 
nitely without any deterioration ? 

12. Can a portable accumulator be de- 
signed with a transparent non-inflam- 
mable case, which. can be dropped, in- 
verted without spilling, which can be 
discharged and then stand idle and com- 
pletely recover when recharged, hold its 
charge indefinitely, give out the maxi- 
mum discharge required or discharge at 
a very low rate, have a life of five years, 
weigh less than 25-lb., not exceed the di- 
mensions given in figure 1 and not cost 
any more than the present accumulators? 

13. Is it really necessary nowadays to 
spend so much on apparatus in order to 
save operating watts ? 

14. Will the common battery system in 
signal boxes take tthe place of the sepa- 
rate battery system, thereby saving cells? 

15. Is there anything to be learned from 
the experience with primairy and se- 
condary cells, etc., in large power sup- 
ply installations, electric train lighting 
equipments, automobile lighting and 
starting practice and wireless telephony 
receiving stations ? 


Many important economies in railway 
signalling and communication plant both 
in first cost and annual maintenance, 
have been and can be obtained by a ca- 
reful examination of electrical supply 
questions, and it is a field which, as sug- 
gested in the Presidential address of 
1925, is worthy of much attention. 


DISCUSSION. 


The PRESIDENT said he was sure all 
would agree that it had been a most inte- 
resting paper, and he suggested that it 
had come at a most opportune time. 
Railway signal and telegraph Engineers 
were now being faced with problems 
which five years ago they would have 


deemed impossible to have tackled. He 
was not going to take up time then to 
enlarge on that point, other than to say 
that they had much to thank the manu- 
facturers for, and whilst the manufac- 
ture of apparatus had been exquisite, the 
manufacture of primary and secondary 
batteries had been equally good. As 
there are many points of interest to ma- 
nufacturers in the paper, he hoped to 
give them an equal share in the discus- 
sion. 


Mr. W. J. THoRROowGOop thought the 
paper very interesting and containing a 
good deal of information as to the cur- 
rent required by different apparatus and 
by different circuits, and many problems 
had been put before the meeting. The 
information given in the curves and tables 
would be useful in time to come. He 
thought that the manufacturers —at least 
those of caustic copper cells — ought to 
have something to say in regard to the 
prices of their cells as worked out. 

In preparing the figures of cost of vari- 
ous sources of power in table I, it would 
appear that the Author had left out the 
cost of the necessary leading wires from 
the spot where the supply was given to 
the place where the apparatus to be 
worked was situated. If the original 
cost, the maintenance, renewal and inte- 
rest charges on these leading wires were 
taken into account, he thought the com- 
parative costs given would be modified 
considerably. 

Taking the paper and what it purport- 
ed to tackle, i. e., the power supply, ge- 
nerally speaking the portable accumula- 
tor system was advocated. Mr. Thor- 
rowgood had one case of portable accu- 
mulators, and was arranging for it to be 
charged where it was used, from a sup- 
ply some distance away and thus dis- 
pense with the portable duty. He 
thought that the practice of carrying 
portable accumulators about was very ob- 
jectionable, and could not see how it was 
that the Operating Department of any 
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railway allowed acid, of the nature of 
sulphuric acid and water, to be carried 
about in passenger trains. The question 
of carrying accumulator batteries of acid 
cells from one place to another should 
not be tolerated; it could be avoided. if 
they had cases where accumulators were 
wanted at distant points the real solution 
lay in the conclusions mentioned in the 
paper, namely, that they wanted a sup- 
ply at all parts of the line. Even if they 
did not have a supply all over the line, 
it would be an economical proposition to 
run a line and charge the accumulacors 
in sifu instead of carrying them about. 
At large places, certainly, portable accu- 
mulators were not required, and they 
had only to remember the price of elec- 
trical energy and batteries to see that the 
best form and the cheapest form of 
getting electrical power was by having 
central batteries. All they had to do 
when there was a central battery and 
many diverse circuits was to see that the 
-resistance of the apparatus outside was 
as high as possible and the internal re- 
sistance at the battery as low as possible. 
When there was that in any apparatus — 
whether at a telephone exchange, or a 
system of baltery power at a large signal 
box like Waterloo, Clapham Junction, 
Basingstoke — there was no difficulty 
about it at all. At Waterloo there was 
one central battery which provided cur- 
rent for everything there.” He had the 
honour at Clapham Junction to be the 
first to put in a ceniral battery system 
which not only provided for all the con- 
trol circuits, point detection circuits, in- 
dicator circuits, etc., from one battery, 
but also for the track circuits themselves. 
The problem of providing a central bat- 
tery system was not, therefore, new, and 
he was a little surprised that the Author, 
as a power man, should not have appre- 
ciated that. He thought that they should 
have the pluck of their opinions and try 
it out. The central battery was the thing 
to go for. That at. Waterloo supplied 
eurrent for the circuits of the control 


system, indicators, etc., and for the point 
detector circuits too. They had an easy 
means of finding whether the insulation 
resistance of the system was good or bad, 
and if it had a tendency to go down, the 
lineman was there and could quickly put 
it right. The secret really was low in- 
ternal resistance and high external re- 
sistance, so as to use up the energy out- 
side the battery, and then the 13 % men- 
tioned in the paper could be reduced. 
They would of course certainly lose some 
of the energy of ithe battery, but they 
could make it as smaill as they liked ac- 
cording to the apparatus. 

There were many points which could 
be raised on the paper. He had always 
advocated that they should not be eco- 
nomical in battery power, because there 
were two things to think of. One was 
the working of the apparatus which they 
wanted to work smartly and with no 
trouble, the other was that they did not 
want it too refined, because should cer- 
tain classes of circuits be connected to 
earth and subject to lightning discharges, 
and the apparatus was so fine that one 
milliampere would bring down the indi- 
cator, they might be sure that sooner or 
later there would be trouble with stray 
currents and magnetic storms. As the 
Speaker showed in his paper (1) every 
circuit all over the country was, some 
years since, affected by a magnetic storm. 
They must not be too economical in cur- 
rent, and then the apparatus would work 
well and not be interfered with by stray 
currents. That applied also to track cir- 
cuit work. 

There was a great demand for primary 
cells or something of the kind on rail- 
ways now that would give out, say, two 
amperes for a considerable period, per- 
haps only intermittently, and he put it to 
manufacturers that that was one of the 
problems that railwaymen would bring 


(4) Magnetics Storms, Proceedings of the Insti- 
tution of Railway Signal Engineers for 1921, 
p. 105. 
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them up against shortly, if they had not 
already done so. 

He had not very much faith in local 
authorities and others supplying power 
continuously asa railwayman wanted it. 
He had one case at Hampton Court where 
the current was cut off for three minutes, 
and caused a considerable amount of 
trouble. He saw the engineer and com- 
plained, who said « Well, it was only for 
three minutes! >» He pointed out that 
there was a stretch of line for so many 
miles out of service for that period, and 
it rather opened the engineer’s eyes. 
They could get over that difficulty, and 
it was always well, in addition to that, 
to provide oneself with reserve power. 
For that reason it was not uneconomical 
to have two sets of accumulator batteries 
— one discharging and the other being 
on charge or at rest already charged. In 
the case the Author mentioned in the 
first part of the paper — he was a mili- 
tary man and Mr. Thorrowgood was not 
— he did not agree when it was said : 
« Under certain military and labour con- 
tingencies a general failure of electric 
supply is possible, but when these cir- 
cumstances arise, the importance of sig- 
nalling will probably be slight.» He did 
not agree, because when the military ne- 
cessity came and trains had to be sent 
from Aldershot to Southampton, the sig- 
nalling was of the utmost importance. 
Even under such conditions if there was 
a large station like Waterloo — where 
there were two sets of accumulators — 
there was such a reserve of power with 
the central battery system that they could 
afford to have those labour contingen- 
cies, and even military contingencies — 
which he hoped would not arise. In the 
case of the general strike, the Southern 
had no trouble at all, because it had a 
reserve of power. That was another rea- 
son why they should not be too econom- 
ical. They were found out at such times 
as that, and, in a very great measure, 
were judged by the resources provided to 
meet such conditions. Although it might 


possibly take a little cost to run the extra 
accumulators for three or four years 
without requiring ttheir aid, when the 
time came it paid over and over again. 
Two sets of accumulators certainly pro- 
vided against any failure of the power 
supply. 

That was rather different in the case 
of alternating current. The supply com- 
panies had a set of apparatus with which 
they charged the mains, and if that appa- 
ratus, for any reason at all, failed, 
everything must fail. In that case they 
had to provide some subsidiary appara- 
tus, or the power supply people must do 
so, in order to maintain the supply and 
give the continuity that was necessary. 

He had already referred to the low re- 
sistance, and the case of telephones that 
the Author mentioned on page 789. All 
that was required there was low internal 
resistance. Included in ‘thiat low internal 
resistance wais resistance of the conduc- 
tor from the battery to the apparatus. 

Hand magnetos had been in use for a 
good many years. Some people, for one 
reason or another, liked them, but when 
they did fail, they were a source of 
trouble. They required skilled atten- 
tion to put right, whereas a battery only 
required an ordinary man. 

As regards battery power for track 
circuits, on page 786 the Author said : 
« Track circuits in inaccessible positions 
such as those in use with controlled ad- 
vance section signals or semi-automatic 
signals, cam be fed by portable accumu- 
lators distributed weekly or fortnightly 
by special train. » He would only call 
attention to the fact that between Basing- 
stoke and Woking, twenty-five miles of 
line, with four lines of rail track circuit- 
ed, gravity cells were used. Those gra- 
vity cells only’ required looking after 
once a month. They could have a pri- 
mary cell of the gravity type which only 
required to be looked at by the lineman 
once a month. -A portable accumulator 
on the other hand has to be taken away 
every week or fortnight to be charged 
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and brought back to the place where it 
was used, and had to go all through the 
booking arrangements described in the 
paper. The gravity cell had a lot to be 
said for it; it was very reliable and effi- 
cient and as regards first cost very eco- 
nomical. 

He thought that the information given 
in the paper was well worthy of the 
Author and of the Institution, and was 
sure it would be useful. He could not help 
smiling when ‘the Author asked for per- 
fection, and he supposed that was the 
way his conclusion No. 12 on page 792 
was to be taken. If the Author could 
find an accumulator like that, Mr. Thor- 
rowgood could assure him he had made 
his fortune. 


Mr. C, J. CooKE appeared that night as 
an advocate of the primary cell, which 
generally was at present a pretty lively 
cause. They were not going to kill it 
just yet. He was rather surprised that 
_ the Author only mentioned two types of 
cells, He mentioned the Leclanché, which 
included the carbon-zine type, but not 
the gravity (sulphate) cell. The gravity 
type was very extensively used, and 
although in many cases it had been re- 
placed by the soda cell, it was still doing 
very good work indeed, and was likely 
to do such work for a good many years 
to come. He remembered two or thriee 
years ago arranging for the installation 
of a set of gravity type cells, giving an 
output of something like one to two am- 
peres, to work a track circuit nearly a 
mile long — a single section nearly a 
mile long. 

He did not know whether that circuit 
was working ‘to-day with gravity cells, 
but it used to work quite satisfactorily. 
Although the insulation resistance was 
only in the nature of about 0.5, he suc- 
ceeded in getting a train shunt of 0.2. 
This was with gravity cells,and he did not 
know that they could get anything better 
with an accumulator. The particular 
situation of the battery in- that case 


would have rendered it very difficult 
indeed to have got accumulators to and 
from the site. Perhaps the President 
could say if that particular installation 
was still in existence. It was working 
very well in the Speaker’s time. 


The question of universal batteries 
for telegraphs had been touched upon. 
There, again, he thought the last word 
for the primary battery had not been 
said. Up to two years ago, an important 
telegraph office on the London & North 
Eastern Railway — it was a very busy 
office, one of the busiest on the system 
— was worked by one set of No. 1 Le- 
clanché cells on what the Author termed 
the common battery system, 7. e., one 
common battery was supplying the pow- 
er for all circuits, the centre of the bat- 
tery being earthed, and current supplied 
to each circuit through varying resist- 
ances. As an alternative to that many 
installations had been put in on the uni- 
versal system, also supplied by No. 1 Le- 
clanché cells, and where the power had 
been tapped at different points supply- 
ing different circuits. A certain advant- 
age in connection with that method was 
that if they had varying insulation upon 
the line, due to changes in weather, ‘the 
battery would accommodate itself to the 
varying conditions better than if it pass- 
ed through a resistance before it got to 
that point. The reason would be readily 
appreciated by those who had to deal 
with those circuits. 


He had been very interested in the 
paper; more interested than in many 
which had been read for some time, and 
he thanked tthe Author for the way in 
which he had brought matters together 
and put the problems before them. All 
the problems had to be faced, and they 
could not lay down any hard and fast 
rule or one particular method. The pri- 
mary battery had its uses and would have 
for some time to come, while in many 
cases, where power was available, it was 
more economical to use accumulators. 
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The PRESIDENT said he would inform 
Mr. Cooke that the installation to which 
he referred was still in existence, and 
working successfully. Also, a_ stage 
further had been taken. He had added 
to the battery increased voltage, and am- 
pere-hour capacity with suitable regulat- 
ing resistance. In one case, working 
through a long tunnel, cut sections had 
been taken out. It costs less to consume 
zinc and sulphate of copper in a large 
battery than to pay the additional wages 
to keep cut section track circuits going. 
That briefly emphasised the point made 
by Mr. Cooke. Regarding the question 
of the universal battery working at a 
large telegraph office, he had always con- 
demned common battery working, and, 
for the reasons advanced by Mr. Cooke, 
did not consider it was as satisfactory as 
universal battery working. 


Mr. G. H. Croox considered that the 
paper was too voluminous as not to re- 
guire comment. He was interested in 
the Author’s fifteen questions and would 
like to ask, in regard to No. 5, whether 
he had ‘any information ? The Speaker 
thought at first that it was a mistake, but 
understood now that it was a serious 
question, so would like to ask whether 
the Author had any information, or 
whether anyone in the research world 
was working in that direction. 

He agreed with the previous speaker 
that each case really wanted to be de- 
cided on its merits. The gravity celi 
again had been mentioned in competition 
with accumulators. There was no ques- 
tion that the gravity cell was one of the 
most constant cells known. The Great 
Western had a few in use, and never 
heard about them, which perhaps was 
the best advertisement, but he was afraid 
that progress had to be in other direc- 
tions. 

The Author seemed to have a predilec- 
tion for the petro] generator. That may 
be all very well, but the Signalling and 
Telegraph Engineer’s province was to do 


with signalling and telegraphs, and not 
to manufacture current, and he did not 
think that as a rule he should manufac- 
ture current from primary generators, He 
had some experience, some years ago, of 
running some automatic signals off a 


petrol generator set, and it gave a good 


deal of anxiety. 

Another generator had been mentioned 
— a development of the telephone gene- 
rator. That was a hand generator for 
point operation, which had the advant- 
age of dispensing with the large primary 
battery to operate points, and was an ex- 
cellent proposition. 

With regard to the common battery 
system, it seemed that if they used pri- 
mary cells there was some argument for 
using the tap system, because they did 
not use as much battery material. For 
the common battery system for indica- 
tors working on two volts they had to 
feed through enormous fesistances, ‘and 
practically the bulk of the energy was 
used in the resistance. The tap system 
had certain disadvantages, in that so 
many wires ‘had to be provided, and the 
battery was used unequally. Thai could 
be got over, to some extent, by paralleling 
the portions ofthe battery which were 
considerably used. 

He would like to mention the case of 
alternating current track circuits work- 
ing with rectifiers. It might be of inte- 
rest to mention that on the Great Western 
there had been such an installation work- 
ing for eighteen months with no trouble at 
all. There was another installation 
which had been working for a few 
months, and there the rectifiers had not 
given any trouble. 


The paper referred to a mixture of 
alternating current transmission system 
and accumulators. Candidly, he was an 
alternating current man, and did not care 
about mixing the two things if it could 
be avoided. There was some tendency 
to boost up an alternating current system 
with accumulators, which could carry on 
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the work in the event of the power fail- 
ing, but which complicated the system. 


Mr. H. H. Dyer drew attention to the 
statement on page 778 that « during the 
last twelve years the use of the portable 
lead-acid accumulator had been greatly 
extended ». His experience was all the 
other way; to his mind it had practically 
disappeared. 

The figures in the table for the cost of 
supply seemed extraordinary. The Au- 
thor had given a description of a very 
elaborate system of dealing with portable 
secondary cells, by which he brought 
down the cost per B. T. U. to 2 sh. 6 d. 
He showed frequency of replenishment 
for 1 000 watt-hours as 4.16, or about 7 d. 
per recharge. It must be an extraordin- 
arily efficient system to bring it down 
to .that figure. The Speaker had had 
some experience of the cost of labour, 
and if was very much more than would 
be expected from the figures given. 


- Then, again, the figures for the zinc-cop- 


per oxide cell with caustic-soda — 30 sh. 
6 d. per’ B. T. U. He, had no correct 
figures with him, but the figure given 
was at least twice as much as it ought to 
have been. It affected the cost greatly 
whether they dealt with the recharging 
themselves or whether they scrapped the 
whole thing and bought new recharges. 
He thought that must be the cause of the 
difference. 

On page 775 the Author said that the 
figure for the portable lead-acid accu- 
mulator included electricity, labour in 
charging station, and handling and trans- 
port to and from the lineman, but he did 
not say that it included the lineman’s 
time in changing the cells, and that was 
avery big item. There was also the ques- 
tion of an allowance for depreciation of 
the cells — that was aniother big item 
which should go on to the 2 sh. 6 d. The 
Sneaker’s figure for soda cells included 
all labour charges, also the renewal of 
all parts which depreciate every time the 
cell was recharged. There was no de- 


preciation really, because it was allowed 
for every time. 

Speaking of the soda cell the Author 
said : « Besides increased first cost, more 
labour in attendance and greater accom- 
modation space are required. » That 
seemed very strange. One great advant- 
age of the soda cell was that from the 
‘time it was made up, to the time it was 
recharged, it did not want looking at 
once. 

On page 777 the Author remarked : 
« When power is required in any amount, 
say more than 50 watts, it is cheaper to 
instal a battery of 120 ampere-hour 2-volt 
portable accumulators. >» Would he 
instal those on low voltage distant signal 
machines? Those took more than 50 watts 
in many cases. 

On page 790 it was remarked that with 
caustic soda cells for track circuit feed 
work <« a high train shunt is not always 
possible of attainment >». What was the 
Author’s idea of a high train shunt ? The 
Speaker’s experience with caustic soda 
cells was an average of about one ohm, 
and that was quite satisfactory in his 
Opinion. 


Mr. C. M. Jacogs said that ‘there was a 
little misunderstanding with regard to 
the portable accumulator. As the Author 
had pointed out, the portable accumula- 
tor was much cheaper for the type of 
work for which it was used than any 
other type of cell. The portable accumu- 
lator, however, was more liable to failure 
than other types of batteries. The Great 
Western had also had some rather seri- 
ous fires with accumulators, and they 
were now gradually disappearing from 
that company’s system. 


Mr, F. Towell would like to know how 
the Author arrived at the outputs stated 
for the large dry cell. An output of 204 
ampere-hours was given, but it did not 
state the limit of effective voltage, or effi- 
cient voltage, so it was rather difficult to 
measure the cost per 1000 watt-hours. 
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He believed the railway standard for 
those large dry cells was somewhere in 
the neighbourhood of 270 ampere-hours, 
and that being so, he thought the Author 
would find the figure of 22 sh. 6 d. would 
be very much reduced. As a matter of 
fact there were cells which gave some- 
thing in the neigbourhood of 300 ampere- 
hours which would reduce the cost to 
about 15 sh. or 16 sh., but, of course, the 
difficulty was that there was a railway 
specification and manufacturers had to 
make cells to that specification — in 
other words they must not make cells too 
well. 

Then another point was the zinc-car- 
bon cell of the Leclanché type. The 
Author gave a figure of 30 ampere-hours. 
The Speaker took it that the No. 2 size 
was referred to. He could not say for 
certain, but had ‘the No. 2 sacs been used 
they would probably have found the out- 
put somewhere in the neigbourhood of 
50 ampere-hours. Possibly the No. 1 
would give 80, probably more. This cost 
figure therefore was rather higher than 
it should be. 

He was afraid the lead-acid accumula- 
tor had been rather flogged that evening. 
He took it that in the 2 sh. 6 d. mentioned 
there was no charge for transport one 
way or the other. 

There was a point on page 777. He 
believed it was the system on some of 
the railways that when a cell came back 
as being completely exhausted the cell 
was re-constructed iand put ona local cir- 
cuit with a fluid excitant. Some useful 
service was still obtained from the cell 
and it was, not as indicated, actually 
thrown away. 

He presumed that on page 788 the 
words « Different sizes of cells must be 
kept together », should be <« similar sizes 
of cells should be kept together >. 

On page 791 the remark was made 
« It is interesting to note that to obtain 
120 volts from a battery of Leclancheé 
cells, sufficient cells have to be included 
in the battery to make up for the loss of 


about 18 volts due to internal resistance >. 
Of course it all depended on the type of 
cell used. The porous pot had a certain 
internal resistance, and the sac element 
had a lower internal resistance. The 
No. 1 and the No. 2 differed of course 
in that respect. 

Regarding the question in conclusion 
« Is it possible to design dry cells which 
will keep and stand in use indefinitely 
without any deterioration ? » He presum- 
ed that was on a par with No, 12 in an 
attempt to obtain the millenium as re- 
gards cell manufacture. The point he 
would like to emphasise was that if the 
railways would let manufacturers make 
good cells, they would make them but if 
they were restricted, they could not help 
themselves. 


Mr. J. Boor-thanked the meeting very 
much for giving the contractors a chance. 
Following on the last Speaker’s remarks, 
when he (Mr. Boot) was on the railway, 
Mr. Towell occasionally came to see him 
in regard to the specification which laid 
down that on test the Leclanché cell 
should be discharged through 10 ohms 
resistance. What circuits were there 
which were going to require that? If they 
had a standard. specification for those 
cells to discharge through 10 ohms, they 
were putting down something which 
there was no use for. As Mr. Towell had 
said they were asking for something 
which was too good for the work. 

He was rather interested in reading 
through the Author’s summary of the pos- 
sible sources of supply. There was one 
source of supply he believed the Author 
himself used which was not mentioned, 
and that was the thermo-electric couple. 
The Great Western Railway, iat any rate, 
bought two, iand he believed they were 
rather successful. It would be interest- 
ing to hear the actual results of the work. 
They were put in the station master’s 
office over a gas jet, and used to operate 
track circuits. 

Another question was in regard to 
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standard voltages. There were a num- 
ber of primary battery operated point 
and signal machines in use to-day, and 
they were ordered, usually, for 12, 20 
or 25 volt circuits. As a matter of fact 
when those fittings got out on to the line 
the voltage of the battery had to be ad- 
justed so that the voltage across the mo- 
tor was read when it was running, i. e., 
usually they found a 20-volt motor run- 
ning on a battery giving 30 volts on open 
circuit, so that the requisition should 
always state the voltage across the motor 
when it was running. 

There was a point the Author raised 
with reference to the relation between 
the safety of the circuit and the current 
consumption. He quite agreed with 
Mr. Thorrowgood that they were cutting 
down the limit of safety on some circuits, 
particularly relay circuits. Relays were 
now being constructed operating with 3 
to 4 milliamperes, and it was questionable 
whether safety was being sacrificed for 
- the sake of saving current. 

The Author asked in question No. 3 
« Will electrical signalling apparatus of 
all kinds be designed to operate on say 
24 or 110 volt direct current? » He took 
it he meant that they would have two 
separate voltages of 24 and 110. Why 
had he struck on these two voltages? If 
he was going to have two, one might be 
a multiple of the other — charge in series 
and discharge in parallel, 

Then, the paper in paragraph 5 asked : 
« Can a static direct current to direct 
current converter of good efficiency be 
produced ?» He hardly saw the neces- 
sity for that, because the above arrange- 
ment solved the problem. 


Mr. C. Sttcock agreed with Mr. Towell 
about the cost of current from the pri- 
mary battery. So much depended on the 
size of the unit — primary batteries 
could not be compared with 100-kw. ge- 
nerating stations. He did not know if 
railway people realised what wonderful 
batteries they were getting. It was like 


the locomotive power question, there was 
no finality. They no sooner got just the 
right thing and the locomotive required, 
than the trains were made longer and 
longer. 

With regard to the points in conclu- 
sion, so far as No. 8 was concerned, there 
had been a very considerable attempt to 
standardise batteries. There was a 
railway national specification and he 
thought they might now say that that had 
been done. 

One point he would like to make quite 
clear. The Author complained that he 
got too much scrap zinc, but in dealing 
with the primary cell it all depended on 
the rate of discharge. Manufacturers 
had to give enough zine to ensure that 
the cell would not bleed, but it could be 
made to bleed if the current was taken 
out slowly. As arule, however, current 
usually was taken out much too rapidly, 
and consequently the cell was used up 
in a very short time, and the zinc left 
over. 

With-regard to No. 11, while it could 
not be claimed that dry cells, like port 
wine, would keep in stock and improve 
with age, it could be said that they would 
stand in stock any reasonable time. 


Mr. T, Austin would like to ask what 
percentage of the total number of accu- 
mulators in use on the Great Western 
were in the repair shop at any one time? 
Also, is not the question of the fire risk 
in charging these celluloid cased accu- 
mulators a very considerable one? Were 
they to assume that the Author’s opinion 
of the shortcomings of the accumulator 
were set out in question No. 12 ? 

He came across another possible source 
of supply the other day. A patent was 
recently taken out for a method of ge- 
nerating electricity by the passing of a 


train, making use of the depressions of 
the rails. The apparatus was apparently 


designed specially for lighting country 
stations, but he suggested that that meth- 
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od might also be used for supplying cur- 
rent for signalling purposes. 

He thought that the Author had not 
done justice to the caustic soda cell. It 
had been put down in the table as one of 
the most expensive cells, but it required 
very little labour in attendance. His ex- 
perience with caustic soda cells was that 
they did not need so much in attendance 
for recharging as many other cells. 

With regard to the table, he thought 
the figures ought to be given with some 
qualification. The broad statement of 
approximate cost per 1000 watt-hours 
were not comparative at all. 


Mr. R. M. Stnna wished to mention that 
in his recent visit on the Continent he 
found a general use of portable accumu- 
lators on the German State Railways. In- 
dicators, clocks, Morse sounders and 
keys, etc., in a station were all fed by a 
centre battery system. The accumula- 
tors were sent to the charging depot in 
rotation, 


Mr. T. C, Evrtiorr would say that the 
questions the Author put at the end — 
and the one which took his attention in 
particular, was question No. 12 — were 
not so hard to answer if they eliminated 
the things which did not matter, and the 
things which could be ruled out alto- 
gether, such as the dropping of the cell. 
Was it necessary to drop the cell at all ? 
No other apparatus was dropped about, 
or, if it was, the man got into trouble. 
He did not think in a good article they 
needed every part to be visible. They 
did not ask for a watch to be put in a 
transparent case, and it possesses far 
more delicate works than an accumula- 
tor. Testing the gravity of the acid 
would tell the condition of the cell. With 
regard to leaving it standing idle. he did 
not think it was fair to ask that a battery 
stand idle for long periods without being 
recharged; they would not ask a hungry 
man to stand idle without a meal. It 
was the case, however, that accumulators 
could be left to stand for much longer 


periods in an idle condition when fully 
charged, or partly charged, than was ge- 
nerally expected. He had known of a 
case of a battery being overlooked for 
eighteen months without any loss. 
Coming to the point of the testing of 


the cell, it should be noted that mention 


was made of the specific gravity of the 
acid being a guide. This was so, but the 
rate of discharge must be taken into con- 
sideration. Ina recent test, a battery of 20 
ampere-hours lasted for 450 hours at 0.06 
ampere. At the end of that time the volt- 
age still remained at 1.9, which would 
lead one to believe that the cell was cap- 
able of doing useful work. So it was, but 
only at that rate of discharge. The gra- 
vity of the acid was little more than that 
of water. The rate of discharge must be 
taken into consideration. 

The skilled attention said to be requir- 
ed in charging accumulators was not as 
terrible as it was made out to be. He 
had a case browght to his notice where 
a plant was in charge of a gardener, who 
had possibly not learnt more than simple 
instructions and was able to read the 
hydrometer and the voltmeter, but who 
kept a battery going for ten years without 
any trouble. In another case a woman 
was in charge of a large battery, and got 
on very well indeed for ten or twelve 
years. Skilled attention was only requir- 
ed when something went wrong; other- 
wise there was: no expert attention re- 
quired at all. 


Mr. A. B. WaLuis thought the table No. 1 
very interesting. For many years it had 
been his practice, in reporting on new 
types of cells, or new sizes, to give the 
cost per B.T.U. They must have some 
sort of comparison, and if the conditions 
of discharge were similar it was a fair 
comparison. On going through these 
figures he agreed with Mr. Dyer that for 
the lead-acid portable accumulator the 
charge was rather low. His own experi- 
ence gave a much higher rate than that. 

It was a fact concerning soda cells, 
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that with 300 ampere-hours soda cells 
discharging at normal track circuit rates, 
it was possible to maintain the battery 
indefinitely at a cost, at present prices, 
of approximately 18 sh. per B. T. U. 

No one had mentioned the windmill 
plant. That he believed was a practical 
proposition, although he did not know of 
any in use on any British railway. Some 
years ago the Midland railway went into 
this question. After looking through 
twenty years of anemometer readings, the 
most striking feature was the constancy 
of the wind, that is over periods of say 
three months. Day by day it was the 
most inconstant thing known, but over 
any lengthy period it was one of the 
most constant. , 


Mr. W. Cuauis would like to express 
his thanks to the manufacturers of both 
batteries and signal and telegraph appa- 
ratus for helping the Signal Engineer 
through his most difficult duties. 

The central battery system where it 
could be employed was the better way, 
but in cases he had in mind, where there 
were block working and apparatus, some- 
what remote from the source of supply, 
such jas outer or advanced signals, or 
distant signal repeaters and treadles, it 
did not seem to be economical or practic- 
able to have a central battery supply for 
them. The source of supply, so far as 
the signal repeater or treadle is concern- 
ed, should be at the remote end of the 
circuit. 

With regard to accumulators for track 
circuits, he thought there had been suffi- 
cient said that night to show that caustic 
soda cells were much better and cheaper 
than the accumulator, and, in regard to 
train shunt, he would like to endorse 
what another speaker had said that one 
could obtain as good, or even better, 
shunt than with an accumulator. 

Another source of supply was from 
power mains supplied by outside firms. 
He had had some years’ experience of 
supplies from various electrical firms, 


and thought that they had done very well 
indeed. He could not say that they had 
not failed, because during a period of 
about ten years on the Metropolitan he 
had had a failure for a few minutes only 
on three occasions. On the other hand 
there was the possibility of failure, and 
as Mr. Thorrowgood had pointed out, if 
it did fail, it meant loss of time and chaos 
in traffic operating. Thus the power 
supply should be in duplicate, but with 
power supply companies, the chance of 
failure was very remote indeed. 

With regard to the remote operation of 
points — 1000 yards or more away — 
he was still of the opinion that the hand 
generator was a good thing, and would 
prove itself in years to come. 

On an electrified route there was one 
difficulty that most people came up 
against where they had continuity of 
supply, and that was at remote places 
where electric direct current traction 
was in use, and the Traffic Operating 
Department required alternating current 
track circuits, and there was no supply 
company to give the current needed. He 
would suggest to manufacturers that 
there was a field there where they could 
help the Signal Engineer by supplying a 
0.1 to 1 kw. in a cheap manner. He 
would just refer to Mr, Crook’s remark 
when he said that that was not the Signal 
Engineer’s job. He would like to ask 
whose job it was, if there was not an 
electrical generating station near? 

Referring to paragraph No. 3 in con- 
clusion; if electrical signalling apparatus 
of all kinds be designed to operate on 24 
or 110 volts, why limit it to 110 volts ? 
If they had a power supply at hand, and 
had a set of points or signals to work, 
why not go to 220 volts and so save cop- 
per? He mentioned that because he 
thought where possible they should take 
from the line supply to move the points, 
and the supply should come from the 
lever itself and not locally. 


The PRESIDENT observed, in regard to 
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battery signal machines, that there was 
one system used in earlier days to get 
heavy output, i. e., primary cells charg- 
ing a floating battery of small accumula- 
tors, which took care of the peak load 
when the signal worked to the < off » po- 
sition. 

The current requirements of the Signal 
Engineer and the demand from primary 
cells have been increasing almost month 
by month; from 2 to 3 amperes for ‘the 
signal machines and 4 to 5 amperes for 
point machines. The London & North 
Eastern Railway had recently made ex- 
tended trials with the air depolarise type 
of primary cell. The larger size cell will 
supply about 4 amperes, and operate 
point machines quite successfully in 10 
to 11 seconds. Further demands had 
been made upon the Signal Engineer to 
operate points in five seconds, and this 
had been done, but the primary battery 
was doing it with rather a struggle. He 
felt, as some speakers had said, that they 
put more on the battery manufacturer 
than he could give. Although he thought 
that eventually primary battery manufac- 
turers would be able to produce a mul- 
tiple unit cell containing the sae type 
element, combined with correct design 
of zincs and containers, which would give 
excellent service in special cases, En- 
deavours to find solutions for difficulties 
they had to contend with, and to advance 
practice in connection with signalling on 
railways, must continue until they had 
standardised principles as well as appa- 
ratus. The supply of power for certain 
classes of signal engineering would con- 
tinue to be met with the primary battery. 

The difficulties prevailing 15 to 20 
years ago in getting Leclanché cells 
which would stand up to the strain indi- 
cated by diagrams 5 and 6 had been over- 
come, and manufacturer’s representatives 
present might remember the difficult 
times passed through ait that period, but 
which were overcome, and the manufac- 
turers had had time to develop cells to 
meet special requirements. For in- 


stance, the causiic soda cell had held a 
very strong position. The air depolarise 
cell had overtaken it, and was meeting 
conditions for new apparatus better than 
the soda cell. It had a higher voltage 
to start with, which was maintained 
throughout its useful life. 

Another speaker remarked on the 
clause in ithe specification which stated 
that the tests for primary cells must be 
made through 10 ohms. A lot of people 
could never understand that. One reason 
was that the purchasing agent requested 
the user on the railway to let him know 
within a fortnight whether he could cer- 
tify the invoice for a given quantity of 
cells delivered. It was impossible to put 
primary cells through a test whereby 
they could reasonably satisfy themselves 
in a fortnight unless they put them 
through rather drastic treatment. 

Mr. E. C. DEAcoN (written contribu- 
tion) said that ithe part of the paper 
which perhaps interested him most was 
that dealing with the <« Roundabout » 
method of charging. It was stated on 
page 789 that commutator ripple was not 
heard if the cells of a-24-volt common 
battery on a common battery exchange 
be charged by this method whilst at 
work. That struck him as remarkable 
seeing that receivers were so sensitive ‘to 
an alternating current hum, from what- 
ever cause. 

Turning to figure 6. — That system 
was of course wasteful on account of the 
resistances, and emphasized the need for 
standardization of apparatus and voit- 
ages of supplies. Was there any possi- 
bility of a heavy demand on one portion 
of a Universal battery, as in figure 5, 
being sufficient to produce a drop in the 
cells, due to their internal resistance of 
sufficient magnitude to affect other cir- 
cuits appreciably ? It seemed to him 
that, when the cells had been on circuit 
for some time, such apparatus as block 
instruments was bound to flicker, unless 
over-voltaged in the first instance, hence 
another source of waste. 
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The arrangement shown in figure 8, 
on the left-hand side was undesirable 
unless some means was provided for 
placing a constant check on the stand-by 
battery. Otherwise it might not respond 
when required. 

With regard to table I. — The Leclan- 
ché type cell was rated at 1 volt average. 
On page 790, the voltage curve is given 
as 1.5 volts — 0.9 volts. That, presum- 
ably, was the useful part of the curve and 
was not in agreement with the table 
figure of 1 volt average. Similar re- 
- marks applied to the alkali cells. He felt 
that the actual cost of current as given 
in table I was but a very approximate 
guide to the value of a cell for a parti- 
cular job, since so many other facts must 
be taken into consideration. As an ex- 
ample : the case of the caustic soda cell 
might be cited. In spite of the cost of 
the current obtained from it, it was, he 
understood, the most popular cell in the 
United States. 

At the foot of page 777 it was stated 
that dry cells must be thrown away 
when discharged. He could not imagine 
that that course was pursued on many 
lines in these times of economy, espe- 
cially as it was admitted in the next pa- 
ragraph that quantities of zinc remain. 

With regard to the <« Windmill » pro- 
posal, it seemed that much experimental 
work was necessary in that connexion 
before such plants could be used to any 
extent with any degree of confidence. 

He thought nowhere did the Author 
mention a higher voltage than 24 volts 
for use in signal boxes, except where 
110 volts was installed for power frames. 
But several selective telephones required 
higher voltages each side of earth which 
necessitated a large number of primary 
cells. 

If would appear that in most cases 
they were putting the main supply at the 
wrong end of the circuit if common bat- 
teries were used. Unless the feeds were 
on a separate route, there was a danger 


of contacts causing false « clear » indi- 
cations. 

With primary cells in use, a lineman 
knew that he must visit regularly, but 
with accumulators, running perhaps two 
months as suggested, there was more 
danger of the visits being neglected. 
That applied particularly to isolated lo- 
cations. Perhaps it was a case for the 
psychologists, but nevertheless, it prob- 
ably existed. 


THE AUTHOR’S REPLY. 
(Communicated.) 


The large number of questions raised 
in the course of the lengthy discussion 
made it impossible in the time available 
to reply verbally to the majority of them. 

The written replies and comments on 
each speaker’s remarks are given in the 
order in which they were contributed. 


Reply to Mr, Thorrowgood. 


In preparing ithe cost per B. T. U. from 
various sources of power, it was assum- 
ed that leading-in wires would be pro- 
vided for whatever source of power was 
employed, whether iit be a battery of pri- 
mary cells or a local power supply. The 
inclusion of the original cost, maintain- 
ance and ‘renewal of such wires does not 
in consequence enter into the cost of 
energy per 1000 watt-hours. 

No particular source of energy was 
advocated, but attention was drawn to 
the advantages and disadvantages of va- 
rious sources available. 

The transport of a few portable accu- 
mulators was quite likely to be unsatis- 
factory, but when many thousands were 
dealt with special carrying chests being 
provided, no particular difficulty need 
be experienced. The rough treatment 
accorded the chests was the worse 
feature. 

The charging of 2-volt accumulators 
in situ was an expensive matter, owing 
to the provision of transformer or con- 


as RON = 


version plant being necessary and could 
not be justified in most cases. 

The use of common battery systems is 
referred to on page 784 and illustrated by 
figure 6. 

It is gathered that the supply from 
local authorities cannot be generally con- 
sidered as sufficiently reliable for sig- 
nalling purposes. 

The military contingencies referred to 
were those arising when invasion took 
place or a power station and transmis- 
sion lines were put out of action by artil- 
lery or air-craft bombardment near the 
front line. 

With regard to the use of gravity ceils 
on 25 miles of four-track main line, with- 
out knowing full technical particulars as 
to the number of track sections, it was 
suggested that an important saving in 
labour and material would be obtained 
by the use of 2-volt 120 ampere-hour 
portable accumulators, charged at a ca- 
refully designed and organised charging 
depot and distributed by an engine and 
van, say, once 'a week. 

The gravity cell had been gradually 
dispensed with in many places, because 
it was messy, was unsuitable for open 
circuits and was costly in zine and cop- 
per oxide, except when used on the light- 
est work. 


Reply to Mr. C. J. Cooke. 


The modern primary cell was entirely 
suitable for use in a large number of 
cases, but the Daniel cell could not be 
considered as particularly popular. The 
study of the advertisements of battery 
makers confirmed this, as reference to 
them was plractically absent. 

Without knowing all the circumstan- 
ces connected with the interesting ex- 
ample of the application of Daniel cells, 
it would appear difficult to understand 
how the situation where they were in 
use was such that while men could get 
at them when renewing them (which 
would be a lengthy job) portable accu- 


mulators could not be taken to and from 
the place. 

With regard to the working of large 
telegraph offices from Leclanché cells, 
in a similar case known to the Author, 
an installation of 10 ampere-hour sta- 
tionary accumulators with a small charg- 
ing plant was put in, to replace hundreds 
of primary cells, wet and dry, and re- 
sulted in between £100 and £150 per year 
being saved in maintenance, the common 
battery system being adopted. 


Reply to Mr. G. H. Crook, 


The need for a static direct current to 
direct current converter of good effi- 
ciency was becoming increasingly felt. 
In many places a 200-volt direct current 
supply was available, but to reduce it to 


even 24 volts, necessitated the use of a _ 


rotary machine of some kind with its 
consequent Jiability to go wrong if not 
attended to at frequent intervals. It 
should be understood a perpetual unin- 
terrupted supply from such a converter 
was referred to. 

There must have been some serious de- 
fect in the Daniel gravity type cell, when 
it was superseded by the Leclanché and 
the dry cell. The affection expressed 
for the Daniel cells, made the proverb 
« Absence makes the heart grow fonder > 
seem singularly appropriate. 

It was submitted that the Signal En- 
gineer knowing fully the requirements of 
a supply of power for the circuits for 
which he was responsible was the man 
most suited and fitted to provide and 
apply such a supply. This of course 
would not refer ito large general power 
stations, giving a signalling supply in 
addition to large lighting and traction 
loads. 


Reply to Mr. H. H, Dyer. 


During the last twelve years the Author 
had been closely associated with a very 
large increase in the use of the portable 
lead-acid accumulators, 

The cost of recharging portable accu- 
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mulators in large numbers, say 2 000 per 
month, works out at the figure given in 
table I. As stated in the paper this in- 
cluded electricity, which was a very 
small proportion, labour in the charging 
station, and handling and transport to 
and from the lineman, rail transport not 
being charged for. The lineman’s time 
changing the cell is not included as the 
lineman was on duty and if he was not 
doing that he would be doing something 
else, perhaps less important. In any case 
it did not work out very much in most 
places. 

_ The cost for the zinc-copper oxide cell 
was based on the prices given by the 
suppliers ef the complete sets of rene- 
wals. 

As mentioned, a depreciation allow- 
ance must be taken into account, but it 
cannot be included in the cost per B. T. U. 
It must be added to a yearly bill. 

The Author claims that the soda cell, 
output for output, was more costly and 
needed much more space than portable 

“accumulators. 

When thousands of soda cells had to 
be maintained, the labour costs in re- 
newal and examination work were heavy. 

Three 4-volt 40 ampere-hour portable 
accumulators in series were best for busy 
battery signal machines, but dry cells 
were preferable for lightly worked cir- 
cuits of this kind. 

It was a generally accepted fact that 
a 2-volt cell enables a higher train shunt 
to be obtained, than with a 0.65-volt cell, 
other conditions being equal. 


Reply to Mr. F. Towell. 


The outputs of the large dry cells were 
supplied to the Author by a darge manu- 
facturer of these cells and have been con- 
firmed as reasonably accurate. In co- 
lumn.1, table I, was given the « average 
voltage per unit cell >. 

The figure for the 30 ampere-hour Le- 
clanché type cell working under the con- 
ditions given in the table will be found 
to be a good approximation. 


Manufacturers of cells sometimes com- 
plain that they do not know the condi- 
tions under which their cells have to 
work and what was required of them. 
This paper was an attempt to answer 
their questions and when the answer 
was not what was expected it was hoped 
it would however be taken seriously. 


Reply to Mr. J. Boot. 


The Thermopile was an attractive piece 
of apparatus, on paper, but would not 
stand up to continuous use for more tthan 
six months or so. 

The voltages of 110 and 24 were chosen, 
as the former was largely used for power 
signalling and the latter for telephone 
exchanges. 


Reply to Mr, T. Austin. 


The number of portable accumulators 
out of use for repairs, examination and 
testing was at most less than 5 %. 

The risk of fire with celluloid accu- 
mulators was the most serious defect 
they possessed. If manufacturers could 
solve this problem they would render a 
great service. 

The figures given in table I were given 
with qualifications and full electrical 
conditions. The figure for the caustic- 
soda cell was based on information ob- 
tained from the suppliers of them in this 
country. 

It was submitted that when it was de- 


- sired to compare the results obtained 


from various articles, the result required 
must be the same in all cases. 

The result required was 1000 watt- 
hours and the cost of and the conditions 
necessary to obtain it were given in 
tabile I. 


Reply to Mr. R. M, Sinha. 


The Author was greatly obliged to 
Mr, Sinha for the information regarding 
the extensive use of portable accumula- 
tors for railway signalling purposes in 
Germany. 
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Reply to Mr. T. C. Elliott. 


Question 12 was based on practical ex- 
perience, and unfortunately, when port- 
able accumulators were sent by train in 
wooden chests, they were liable to be ac- 
tually dropped by porters and others 
who handled them. It was agreed that 
transparency was not absolutely essen- 
tial if the vent holes were of good size to 
allow of inspection of the interior. But 
could a case be produced having the 
same strength as celluloid and yet keep 
within the dimensions given in figure 1? 

If it was possible to eliminate the dan- 
ger due to inflammability, and the ten- 
dency to a short life due to plate troubles, 
the portable accumulator which compli- 
ed with the conditions laid down in ques- 
tion 12, would be very seriously consi- 
dered owing to its important electrical 
and economic properties. 

Jt was gratifying to realise that accu- 
mulator makers were seriously attacking 
the problems of long idle periods, short 
first charges and other difficulties with 
considerable success. 


Reply to Mr, A, B. Wallis. 


In connection with the figure for the 
portable accumulator, it applied as stat- 
ed, to plant charging large numbers at 
once. For smaller plant dealing with 
800-1 000 per month, the cost would be 
about 3 sh. 6 d. per B. T. U. 

The figure for the soda cells was not 
based on the wholesale purchase of caus- 
tic isoda, oil and zinc and the treatment 
of the copper oxide elements, but on the 
cost asked by the suppliers for renewals 
with a small addition for labour. 


Reply to Mr. W. Challis. 


It was noi agreed that the caustic soda 
cell was cheaper than the portable accu- 
mulator for track circuit feed work. As- 
suming a track feed voltage of 0.65 was 
accepted as sufficient in place of the 
2.0 given by an accumulator; to supply 
25 track circuits, in one year it would 
cost approximately for soda cells £23 and 
portable accumulators £17, allowing a 
depreciation figure for the latter. 

If the battery of soda cells had to give 
2 volts, the figure for them would be 
about £70 per year. 


Reply to Mr. E. C. Deacon. 


The voltage figures referred to were 
in the table I the « average >» and on 
page 790 the extreme limits, both being 
reasonably correct. 


Reply to the President. 


The kind reception given to the paper . 
was greatly appreciated and the discus- 
sion had more than justified its submis- 
sion. It was hoped that the points 
brought out in the 15 questions would be 
seriously considered as their satisfactory 
solution would result in important eco- 
nomies and even better performances by 
signalling plant. 

Many matters of importance had had 
to be treated briefly and members would 
be rendering a valuable service if they 
would prepare papers dealing jin an ex- 
haustive manner with them. 

The assistance given the Author by va- 
rious firms was gratefully acknowledged. 
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Library Organisation on the Swiss Federal Railways, 


By G. HARCAVI, 


RAILWAY DELEGATE TO THE INTERNATIONAL INSTITUTE OF THE SCIENTIFIC ORGANISATION OF LABOUR AT GENEVA, 


Figs. 1 to 5, pp. 808 and 809. 


(Revue générale des chemins de fer.) 


A library, containing works on tech- 
nical, economic and legal subjects has 
been in existence for some considerable 
time at the Headquarters of the Federal 
Railways at Berne. 


When the administration of the Fede- 
ral Railways was reorganised in 1923, 
the library was also brought under new 
regulations. 

_ All works on special and general sub- 
jects belonging to the Federal Railways, 
even when kept by the different depart- 
ments and not by the library, have been 
included in the catalogue of the new 
Central Library. 

This date coincided with the appear- 
ance of the review « Bulletin des C. F. F. 
— Nachrichtenblatt der SBB — Bolle- 
tino delle SFF » as published by the 
Headquarters of the Federal Railways. 

The Federal Railways has undertaken 
to exchange its review with Swiss and 
foreign periodicals on a wide scale. As 
a result, the annual collection of special 
periodicals, to which the Federal Rail- 
ways has subscribed for years, has been 
enriched by additional reviews. This 
collection now includes 200 weekly, fort- 
nightly, monthly, quarterly, etc., reviews. 

In onder to be able to make use of the 
mass of documents which accumulates in 
all these publications, the Central Li- 
brary at once starts to sort them out. 
The special, thorough, and painstaking 
examination of the periodicals as orga- 


IX-6 


nised at the Central Library deserves 
mention, 

All articles, notes, and investigations 
of technical, economic, or legal interest 
in the railway field are indexed on small 
carids. 

These cards measure 125 mm. x 175 mm. 
(4 7/8 x 6 7/8 inches), the size adopted 
by the International Institute of Biblio- 
graphy at Brussels and by the American 
Librarians’ Association. Many years’ ex- 
perience has shewn that this is the most 
useful size to hold the required informa- 
tion. 

Each card gives the following informa- 
tion about each article indexed (figs. 1 
and 2): 


1. The year of publication; 


2. The decimal classification of the 
subject matter (Dewey System, as adopt- 
ed by the International Institute of Bi- 
bliography as the universal system), and 
shewing : 


The main class of science; 

The division of the special scientific 
branch; 

The group sub-division of the parti- 
cular questions; 

The section indicating the particular 
features of the article; 

The sub-section giving particular points 
of the article; 
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1926 385 .5 (44) 


REVUE GENERALE des CHEMINS de FER 


Ne 6, Juin, p. 427. 
NO? 1, Juillet, nid. 


GinaRD, Joseph. — Une enquéte démographique sur 
le personnel de la Compagnie du Chemin de fer 


du Nord. 10000 mots et fig. 


Fig. 1 — Card for a signed article. 


1926 621 .33 (09) (494) 


CHRONIQUE DES TRANSPORTS 
TNO Fee ok: 


Historique de ]’électrification des Chemins de fer fédéraux 


suisses. 800 mots. 


Fig. 2. — Card for an anonymous article. 


385 .144 LEROY, Thérése. 


Essai mathématique sur les prix de revient 


Eq. 337 
des transports par chemins de fer. 


- PARIS, 1919. 


Fig. 5. — Card for a book 
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Readers are requested not to keep 
the periodicals more than three days each. 


After circulation, the publication is to be returned to: 


Nos. | Messrs. DEPARTMENT 


Fig. 4. — Passing on slip for a review on ils first circulation. 


2nd CIRCULATION. 


Periodical ............ 


Nos. MEssRs. DEPARTMENT RECEIVED SENT ON 


Quick return to Library. 


Fig. 5. — Passing on slip for a review on its second circulation. 
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3. The name of the periodical: 


The date; 

The number and volume in which the 
article in question is to be found; 

The page on which the article is to be 
found; 

4, The name of the author, if any; 

5. The title of the published article; 

6. The number of words and illustra- 
tions. 


The system adapts itself in particular 
to the classification of articles according 
to their text, and also facilitates the clas- 
sification of the whole of the cards deal- 
ing with the different branches of rail- 
way science, 

In fact, this system gives the advant- 
ages of a methodical classification to- 
gether with an easy way of bringing to- 
gether all the most specialised and most 
closely related subjects. 

The uniformity and unity of the meth- 
od enable tthe bibliographical sources to 
be utilised rationally : the up-to-date sim- 
plicity of the method and of the very sys- 
tem itself facilitates scientific investiga- 
tions into railway matters. 


Two indexes: — a) subject index; 
b) alphabetical index — are used at the 
Federal Railways Library as the bases of 
the research. 


Subject index. — This index is used to 
assist in making an enquiry according to 
the numerical order of the decimal clas- 
ses, divisions, sub-divisions, sections ‘and 
sub-sections (1). 


Alphabetical index, — This index is 
used to facilitate an enquiry by a classi- 
fying word or name (?). 


(1) See Bulletin of the Railway Congress, No- 
vember 1897: « Bibliographical decimal classifica- 
tion as applied to railway science », by L. WEIs- 
SENBRUCH, 

(?) See Revue générale des chemins de fer, 1884 
vol. I, p. 570; see Bulletin de la Société d’encoura- 
gement pour U Industrie nationale, June 1896. 


Books are also entered on cards (fig. 3), 
the same information as for articles in 
periodicals being given, duplicate cards 
being used. For this reason there are 
two central single subject card indexes 
which shew side by side the books want- 
ed, either according to the decimal clas- 
sification, or to the alphabetical list of 
authors’ names. 

The collection of single subject books 
and works of the Federal Railways now 
contains 20 000 volumes. 

In the whole of the card indexes (single 
and multiple entry cards) there are 
100 000 cards with extracts from the most 
important of the publications in ques- 
tion. 

As soon as the current periodicals have 
been gone through, the papers are circu- 
lated, 

A special table shews how tthe perio- 
dicals are to be circulated through the 
Headquarters and regional offices, so as 
to ensure the section concerned automa- 
tically receiving in good time all infor- 
mation that may be of use to it. 


There are two ways in which the pe- 
riodicals are circulated in the Swiss De- 
partments : 


The first enables the Directors, General 
Secretaries, Chief Engineers, Engineers, 
Heads of Sections, etc., to note the ar- 
ticles that interest them. This circula- 
tion is quick and takes a few days only, 
after which the papers are returned to 
the Central Library. 

The slip attached to the periodical 
(fig. 4) enables ‘the librarians to arrange 
the second circulation during which the 
papers remain in the hands of the staff 
rather longer (fig. 5), so that the staff 
may consider any questions that affect 
them more carefully and take any notes 
itthey consider necessary. 


When the second circulation has been 
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completed, the periodicals are returned 
to the Central Library where they are 
kept. 

These modern methods of scientific re- 
search through the Press and special lite- 
rature have already been found of great 
assistance ‘to the Management of the Fe- 
deral Railways, which attaches great im- 
portance to them. 


The saving in time, the accuracy, the 
large amount of information, and above 
all the speed with which it is obtained, 
are of very real value. Furthermore, 
this scientific thoroughness and this de- 
finite centralization of enquiries ‘and stu- 
dies form a good ground for the meth- 
odical development of the scientific spirit 
in the organisation of the railway system. 


MISCELLANEOUS INFORMATION 


so ee 
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1. — Railway gauges in Australia, South America and Africa. 


A brief analysis of the conditions in the three Continents concerned, 
together with tables showing the approximate mileage on different gauges, 
and an indication of the possibilities of unification. 


(The Railway Gazette.) 


While the railway gauge problem has been 
solved in several countries, notably in Great 
Britain, the United States, Canada, and parts 
of Europe, there still remains much to be done 
in the newer countries where, for one reason 
or another, railways have been developed on 
different gauges. In many cases a change in 
gauge was adopted mainly for political reasons, 
while in others the gauge to which the rail- 
ways were laid was decided upon in accord- 
ance with the economic conditions obtaining at 
the time. But in every case such a policy 
must be disastrous. It has been proved in 
Australia, South America, India and Africa 
that railways first developed to serve parti- 
cular interests in locations far distant from 
others have, in the course of time, been brought 
together on the same railway network, albeit 
on a different gauge, and as a result tremen- 
dous expense and considerable delay have ne- 
cessarily been involved in the transit of pas- 
sengers and freight. It may, therefore, he 
laid down as an axiom that in no land, how- 
ever expansive it may be, should the railways 
be laid on different gauges, nor, now that ithe 
train ferry enables rolling-stock to be carried 
from one railway to another with expedition 
and safety, should railways in any countries 
separated by comparatively narrow stretches 
of water be laid on different gauges. 


The gauge problem is, in fact, one of the 
most difficult with which civilised nations 
have now to deal in regard to transportation, 
and as development in the broadest sense 
means transportation, it is of vital importance 
that this question of gauge unification should 


be in the forefront of every programme design- 
ed for expansion of the countries’ resources. 
During the last two or three years we per- 
sonally have experienced many of the diffi- 
culties, complications, delays and inconveni- 
ences inseparable from the adoption of different 
gauges on railways operating in the same ter- 
ritory, and as a result are more than ever 
convinced that gauge unification, despite all 
political complications, is essential. 

In recent travels we have been over the rail- 
ways of Australia, the United States, Canada, 
and the various Republics of South America, 
and have been struck with the difference in 
practices. But we have been even more con- 
cerned with the difference in gauges. The 
United States and Canada have, of course, 
the standard railway gauge, as adopted in this 
country, while in Australia the Trans-Austra- 
lian Railway, together with New South Wales, 
also adopt the standard gauge. Victoria and 
South Australia, on the other hand, mainly 
use the 5 ft. 3 in. gauge, the latter, however, 
having a large mileage on the 3 ft. 6 in. gauge, 
which is also that adopted entirely in Western 
Australia, Queensland, Tasmania and New 
Zealand. In this connection it may be recalled 
that the recent Gauge Commission definitely 
recommended that the gauge for Australia 
should be the 4 ft. 8 1/2 in., and while there 
are indications of a. slow movement towards 
unification on that basis, recent developments, 
particularly in connection with the North- 
South Railway, do not lead to the hope that 
unification on the standard gauge will mature 
within the near future. 
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In South America, speaking of it as a con- 
tinent, the gauge problem is intense, as at the 
present time there are railways laid on eight 
different gauges. Of the total railway mileage 
over 50 % is on the metre (3 ft. 3 3/8 in.) 
gauge, while, 27.5 % is on the 5 ft. 6 in. gauge 
and 10 % on the 4 ft. 8 1/2 in. gauge, the 
other gauges in use being the 5 fit. 3 in., the 
3 ft. 6 in., the-3-foot, the 2 ft. 6 in., and the 
2-foot. It is true that, broadly speaking, 
Brazil has adopted the metre gauge, while the 
Argentine, so far as the principal trunk lines 
are concerned — always excepting the Corboda 
Central and Central Northern Railways, which 
are on the metre gauge, and the lines running 
north to Paraguay, on the 4 ft. 8 1/2 in. gauge 
— are on the 5 ft. 6 in. gauge. In the other 
Republics the railway gauges are variable. 
Uruguay, with its 1654 miles of track, is 
exclusively standard gauge, while Peru, with 
2081 miles of track utilises gauges ranging 
from the standard to the 2-foot. Chile has 
five railway gauges ranging from 5 ft. 6 in. 
to 2 ft. 6 in., while Bolivia is more or less a 
metre-gauge country. The northern Republics 
and territories vary between the 3 ft. 6 in., 
metre, the 3-foot and 2-foot gauges, while 
British Guiana has a short section on the 
standard gauge. 


It is, of course, quite understandable that 
the conditions under which these railways 
were laid down led to the adoption of a gauge 
which, in the opinion of those interested, would 
most economically and efficiently meet the 
need for railway transport, but in the long 
run there is no doubt that many of these rail- 
ways will be connected and the troubles aris- 
ing from break of gauge will then become pro- 
nounced. At the present time Uruguay and 
Brazil have to transfer all their traffic be- 
tween the 4 ft. 8 1/2 in. and metre gauges, 
while on the other side the Argentine State 
Railways and the Central Argentine, in con- 
nection with international traffic, have to 
transfer between the 5 ft. 6 in. and metre 
gauges at Tucuman. Another break of gauge 
point occurs at Mendoza where traffic is ex- 
changed between the 5 ft. 6 in. gauge of the 
Buenos Ayres & Pacific Railway and the metre 
gauge of the Transandine, and, similarly, at 


— 814 — 


RAILWAYS OF AUSTRALIA, SHOWING MILEAGE OF VARIOUS GAUGES. 


Total 
railway 
mileage 


Area, 
square 
miles. 


309 432 

87 884 
380 070 
670 500 
975 920 

26 215 
523 620 


5 742 
4 627 
3 574 
6 240 
4596 

673 


New South Wales... 
Victoria 
South Australia. . 


Queensland 


Western Australia. . . 
Tasmania 

Northern Australia. . 
Fed. Cap. Ter 


Total. . . 12974584 


5-ft. 3-in. 
gauge. 


4-ft. 8 1/2-in. 
gauge. 


3-ft. 6-in. 
gauge. 


2-ft. 6-in. 
gauge. 


2-foot 
gauge. 


5 662 80 
4505 
1 238 597 


5 743 6718 


the termination of the Transandine Railway 
in Chile where transfer is made to the broad 
gauge Chilean State Railways. In the latter 
case, however, there is good reason for the 
adoption of the metre gauge for the difficult 
line through the heart of the Andes, and it is 
unlikely that this will ever be changed to 
agree with the broad gauge lines on either side, 
but in some of the other cases it would seem 
that time will prove the desirability, if not 
the necessity, for a unification. In a com- 
paratively new country where motor transport 
may be regarded as negligible from the com- 
petitive point of view, there is perhaps not 
the same necessity for avoiding double handl- 
ing (with concomitant extra transit time) as 
there is in the older countries, but as good 
roads are developed and motor transport in- 
vades the railway field, those in authority will 
be compelled to give counsel to the arguments 
for minimising the expenditure and loss of 
efficiency arising owing to the transfers essen- 
tial by reason of the break of gauge. 

For reference purposes we give with this 
article tables showing the mileage of railways 
in Australia, South America and Africa on 
different gauges, from which it will be noticed 
that there is an extremely wide diversity. 
South America is, of course, divided into se- 


veral Republics, each of which is master of its _ 


own destiny, but while the various States of 


Australia have certain powers they are all 
brought within the orbit of the Commonwealth 
Government for various purposes, and it 
should, therefore, be a relatively simple matter 
for them to be brought to agree to a recognised 
standard gauge. In Australia, both for com- 
mercial and defence purposes, it is imperative 
that steps should be taken to give effect to 
the recommandations of the Gauge Commis- 
sion and of the many experts who have made 
reports on the various railways, as the break 
of gauge is one of the greatest handicaps to 
the effective development of railway communi- 
cations in that vast continent. On the other 
hand, it will doubtless never be possible for 
the railways of South America to be reduced 
to a common gauge. A movement towards 
this was, however, made when the Paraguay 
Central Railway reduced its gauge to the 4 ft. 
8 1/2 in. in order to permit of through traffic 
being worked between the Paraguayan capital 
and Buenos Ayres over the Argentine lines, 
while a further movement is on foot to-day for 
the widening of the 2-ft. 6-in. gauge line of 
the Antofagasta (Chili) & Bolivia Railway in 
Chile to the metre gauge so as to agree with 
the gauge generally adopted in Bolivia. But 
it would seem that for a long time to come 
there will be three principal gauges in the Ar- 
gentine, two in Brazil, two in Peru and two 
in Chile, while Paraguay and Uruguay on the 
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standard gauge and Bolivia on the metre 
gauge will doubtless carry forward on their 
present gauge and so remain unified, 

With regard to Africa, it is to be observed 
that well over half the railway mileage is on 
the 3 ft. 6 in. gauge, and that as South Africa 
and adjacent territories have, more or less, 
standardised on this gauge, through working 
is rendered possible. This is a decided advant- 
age as compared with the conditions in Aus- 
tralia and South America to which reference 
has been made. As indicated in the accom- 
panying table, which gives, on an approximate 


basis, the territorial distribution of railways 
in Africa and the mileage on the various 
gauges, the standard, or 4 ft. 8 1/2 in. gauge, 
is the widest adopted, this also being a con- 
trast as against the two other continents dis- 
cussed, where the 5 ft. 6 in. and 5 ft. 3 in. 
gauges are in extensive use. At the other end 
of the scale, Africa has a much bigger mileage 
on the 2-foot gauge than Australia or South 
America, there being close upon 2 000 miles on 
this gauge, of which South Africa, with nearly 
1 000 miles, and Morocco, with about 800 miles, 
have the major portion. 


RAILWAYS OF AFRICA, SHOWING MILEAGE ON VARIOUS GAUGES. 


TERRITORY. eae | V eauee et Si, | Maan 
SoupnpAtrredas ses cei sae 6) atl os {2550 653 s SY | are eae 36 984 
(SO ale Oe A ae Oe a 4405 | 1728 1 640 155 887 
PUOLCR Sy epee Jha a) at vegan ie Las 2815 1 467 90 442 ae 35 
TRUCOS a ce 2 Ms Geek meteor 4794 1794 ass 
INICIO Ee We ogee ee ee 4 265 ins ieee bas 143 
CONES 5 Ree tae eg ee a 4 262 317 coe 945 
Brench Sudam(@)it. 05 9 wel. : Aba sie A225 ae 
BelwianvGGngo eine fon oh oe 1 206 480 - 476 250 5 

| Tanganyika............. 1075 4 018 57 
Kenya and Uganda... . 950 950 
J SSRESTS orl NSPS ep ee 927 ate 927 is 
[NOG] AUemriict i shad letue We o 845 400 320 425 
INGOKOCGO Manet Ts hee whe teas 815 nae 815 
Moma DIG Wen. tise toe 521 5241 ate 
PPV SSI sxe agin os ole Alna 3 490 sa 490 mo 
GolduMOustehr. ge Rotnt > take ute sus 470 460 <n 10 
Migama Giza.) Way secure qs tae 430 430 
CAMIENOOD RPG wax cats Us we es 425 avs 425 
Bechuanaland... cn sabes, 394 394 & 
LER AMGCONE. G0 6.5 so. erisi us ay eet) 344 bee 344 
INRVCRE) COIGL "hy RNanan ary epee cy ae 474 ee 474 : 
Mauritius Me et ied GA aN aS” 138 120 18 
Total 34 527 3627 | 19457 TT 1 642 2 026 
(1) Includes Dahomey, Ivory Coast, etc, 
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The standard gauge lines are concentrated 
in Northern Africa, the 3 ft. 6 in. gauge is 
used mainly in South, West and East Africa, 
and the 2 ft. 6 in. gauge is found in Sierra 
Leone, Egypt and the Belgian Congo. From 
the figures given it will be noticed that from 
the railway point of view there is a far greater 
possibility of a measure of unification in 
Africa than in Australia or South America, 


[ 621 446 & 669 A ] 


but when regard is paid to the difficult phy- 
sical conditions in that vast continent it would 
appear unlikely that, for many years to come, 
there will be facilities for through working 
except between certain territories, where intel- 
ligent anticipation of future possibilities has 
impelled the construction of railways on the 
same gauge. 


2. — The embrittlement of boiler steel. 


(Engineering.) 


While the analysis of feed water has become, 
in the majority of cases, part of the general 
routine of large boiler plants, it must be 


acknowledged that the subject of boiler che- ~ 


mistry has received little attention at the 
hands of investigators. The high temperatures 
and pressures necessitated by modern condi- 
tions of working undoubtedly cause complex 
reactions and combinations to take place 
within the water contained in the boiler, That 
these reactions have an important bearing, not 
only on the general efficiency of the plant, but 
also on the life of the boiler itself, is becoming 
increasingly apparent. In many instances in 
the past, the failure of boiler plates has been 
ascribed to faulty material and bad workman- 
ship. It is highly probable, however, that in 
a proportion of these cases, at all events, com- 
plex reactions caused by impurities in the feed 
water may have lain at the root of the diffi- 
culty. A peculiar form of boiler trouble, to 
which various terms involving the word « em- 
brittlement », have been given, has exercised 
the minds of engineers for some years past. 
Cracks have developed along the riveted joints, 
below the water line, in some high-pressure 
steam boilers and in a few extreme. cases the 
rivet heads have become so weakened, that it 
has been possible to dislodge them by a slight 
blow from a hammer. 

A great deal of research work on this subject 
has been carried out, chiefly in the United 
States, where the trouble seems to be more 


‘a tendency to widen. 


prevalent than elsewhere. The investigators 
are however, by no means in agreement con- 
cerning the basic cause of the phenomenon 
and, after much discussion, two schools of 
thought have arisen among boiler engineers. 
The first is of the opinion that the feed water 
is the one and only agency at work, and that 
embrittlement of the boiler plates is due to the 
action of caustic soda in the water, which salt 
is produced by chemical action, from the so- 
dium carbonate originally present. Waters 
charged with sodium carbonate become caustic 
when used for steam-raising purposes, and it 
has been definitely established that, under the 
conditions of temperature and pressure which 
prevail in the modern boiler the sodium car- 
bonate becomes hydrolysed to sodium hydrate 
— caustic soda — according to the following 
equation : 


Messrs. R. 8. Williams and V. O. Homer- 
berg, who have collaborated in an investigation 
of the action of caustic soda solutions on steel, 
have come to the conclusion that hot concen- 
trated solutions of sodium hydroxide gradually 
attack the oxides and sulphides present at the 
erystal boundaries of the metal. The solvent 
action penetrates deeper and deeper into the 
steel and, furthermore, if the material be sub- 
jected to stress, the slight fissures formed have 
The second school of 


a; 
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thought, while acknowledging the part played 
by concentrated solutions of caustic soda, main- 


‘tain that there are other agencies at work in 


the boiler under service conditions, and that 
the action of the sodium hydrate is not the 
controlling factor. In order to examine the 
available evidence and to encourage further 
research in the subject, -a sub-committee, de- 
signated « Sub-Committee No. 6 on the Em- 
brittlement of Metals », was formed some time 
ago by the American Society of Mechanical 
Engineers. A progress report was issued re- 
cently by the chairman of the Committee, Pro- 
fessor A. G. Christie of Johns Hopkins Uni- 
versity, Baltimore. Professor Christie states 
with truth, that while opinions differ in the 
matter of the causes of embrittlement, there 
are certain facts upon which agreement ap- 


‘pears to be fairly general. It is acknowledged 


by all, for instance, that embrittlement cracks 
are intercrystalline in character and that the 
failure of the metal occurs, in practically every 
case, along the line of rivets. 


A pioneer in this particular field of study is 
Professor S. W. Parr, of the University of Illi- 
nois, U. 8. A.; he published a bulletin on the 
embrittling action of sodium hydroxide on 
mild steel as far back as 1917. Recently, in 
collaboration with Mr. F. G. Straub, he un- 
dertook a comprehensive research on the sub- 


ject, and a paper presented at the annual meet- 


ing of the American Society for Testing Ma- 
terials, in June, 1926, embodies the findings 
of these two investigators (1). A bulletin pu- 
blished more recently by the University of 
Illinois also contains an account of this same 
research. Messrs, Parr and Straub state de- 
finitely that, without exception, embrittling 
cracks follow the grain boundaries; fatigue 
and corrosion cracks, on the other hand, de- 
velop across the grains. Again, they find that 
failure occurs in plate metal of high purity 
having excellent mechanical properties, as well 
as in plates of inferior make. The chemical 
analyses of a number of waters used*in boilers 
which have developed the embrittlement trou- 


(4) See Bulletin of the Railway Congress, 
April 1927 number, p. 323. 


ble are given in the papers. These show that 
sodium carbonate is the one substance which 
is invariably present; sulphates, on the other 
hand, are either absent or the amount in solu- 
tion is relatively small. Although the reac- 
tion is not fully understood, sodium sulphate 
appears to have an inhibiting effect and, when 
this salt is present in any quantity, the action 
of the caustic soda is neutralised or, at any 
rate, considerably retarded. 


Having ascertained, or restated, the general 
features of the problem, Messrs. Parr and 
Straub proceed to give an account of short- 
time laboratory experiments which they have 
conducted in order to obtain quantitative data, 
and with a view to suggesting, if possible, a 
remedy for the trouble. The test apparatus 
finally decided upon consisted essentially of a 
welded-steel container which held the solution, 
and in which steam was generated, and an 
external tension-producing fitting. Tempera- 
ture and pressure conditions were maintained 
by means of an electric furnace. The mate- 
rials used for the investigation were all mild 
steels, and specimens were subjected to tensile 
stress while immersed in caustic soda solution 
placed in the container. The test results ap- 
pear to indicate that two conditions must be 
present simultaneously to cause embrittlement 
of the steel. In the first place, the actual stress 
must be above the yield point of the metal and, 
in the second, the concentration of sodium hy- 
droxide must be in excess of 350 grammes per 
litre (350000 parts per million, or 20000 
grains per U.S. A. gallon). Variations in the 
pressure, even up to 200 Ib. per square inch, 
seemed to have no marked effect on the rate 
of embrittlement. Again, changes in its che- 
mical composition did not appreciably alter 
the time required to break a specimen. The 
fractured test pieces were not corroded, but 
were covered with a thin, blue-black adherent 
coat of magnetic oxide of iron. Microscopic 
examination revealed the presencé of a large 
number of intercrystalline cracks within the 
strained portion of the test piece. 

The first conclusion arrived at, namely, that 


embrittlement only occurs when the metal is 
stressed beyond its yield point, is of the 


— 818 — 


highest importance from an engineering point 
of view. In the course of their final remarks, 
the investigators make the somewhat startling 
statement that probably in all boiler plates 
the stresses at the edge of the rivet holes occa- 
sionally reach the yield point of the metal. 
They are of opinion that the appearance of 
plates and straps after they have been removed 
trom a boiler, which has been in service, leaves 
little doubt that, in certain parts, the metal 
has been stressed above its yield point. With 
regard to the second factor necessary to bring 
about embrittlement, i, e., the concentration 
of the caustic soda solution, the authors point 
out that the amount of sodium hydrate present 
in a boiler water seldom exceeds 1000 grains 
per U. 8. A. gallon, and is therefore well below 
the 20000 grains required to initiate failure. 
They maintain, however, that the presence of 
caustic soda in a high-pressure boiler tends to 
produce a seepage of the solution into the 
seams between the metal surfaces. They believe 
that the solution gradually becomes more con- 
centrated, and, with time, the concentration is 
sufficiently high to produce embrittlement. If, 
at the point of concentration, the localised 
stresses are sufficiently high, embrittlement 
will commence. 

Turning to the prevention of embrittlement 
difficulties, the authors point out that the re- 
moval of the stresses of the type indicated 
above is hardly possible in a commercial instal- 
lation. 
other hand, would do much to prevent em- 
brittlement trouble if it could be carried out 
to something like perfection. At present the 
only practical proposition is the maintaining 
in a feed water charged with high percentages 
of sodium carbonate, of a ratio of sodium sul- 
phate to sodium hydroxide somewhat in excess 
of 2. No absolutely definite rule can be laid 
down, however, and, in any case, the treatment 
of the water should be carefully controlled by 
a chemist who is fully conversant with the 
chemical reactions involved. 

The value of Messrs. Parr and Straub’s 
work cannot be denied. Some of the conclu- 
sions reached are, however, somewhat debat- 
able; for instance, their theory that, at certain 
points within the boiler, concentration of so- 


The practice of inside caulking, on the 


dium hydrate takes place until a strength in 
the neighbourhood of 350 grammes per litre 
is reached, is hardly convincing. It does 
not seem very probable that a solution ori- 
ginally containing 1000 grains per U. 8, A. 
gallon should become concentrated, in the 
manner indicated above, until it reached a 
stzength of 20000 grains per gallon. The po- 
sition taken up by these two investigators is 
nevertheless somewhat strengthened by the tact 
that although boiler failures of this type do 
not appear to be confined to any one district of 
the United States, they have, in most cases, 
occurred in boilers in which the feed water 
contained relatively high concentrations of 
sodium carbonate, bicarbonate, or hydrate, and 
low proportions of sodium sulphate. 

As stated above, many engineers while agree- 
ing that concentrated solutions of caustic soda 
have been shown by experiment to produce 
brittleness, do not subscribe to the view that 
the amounts of the alkali present in a boiler 
under ordinary service conditions, are neces- 
sary factors in bringing about embrittlement. 
In opposition, the suggestion is made that 
gaseous. hydrogen, which may be produced 
within the boiler, even in the absence of caustic 
soda, may penetrate the steel and gradually 
render it brittle. It is an undeniable fact 
that dissolved or occluded gases often have a 
distinctly harmful effect on the mechanical 
properties of metals, and scientific metallur- 
gists are seeking to enlarge the somewhat 
seanty knowledge existing on this important 
subject. A further suggestion put forward is 
that excessive strains set up in the metal, when 
in service, may be the primary cause of em- 
brittlement, and the source of intercrystalline 
cracking. Again, intergranular fracture may 
be developed in such materials as boiler plate 
by improper thermal or mechanical treatment 
during manufacture, or during the subsequent 
forging or assembling operations. In this con- 
nection, a suggestion made recently by 
Mr. Ulick R. Evans is of interest. He is of 
the opinion that the appearance of cracks 
round the rivet holes of boilers may possibly 


be due to the fact that corrosion merely widens — 


and extends microscopic cracks, which actually 
existed before corrosion commenced. In sup- 


—-* -)- 


by 


_failure in steel sleepers. 
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port of this view, he quotes the work of 
Messrs, Kiihnel and Marzahn, two German me- 
tallurgists, who have investigated cases of 
These workers have 
come to the conclusion that the trouble ori- 
ginates in a series of fine cracks radiating 
round the punched holes in the sleepers. It 
seems therefore, not impossible that fissures 
around holes, in other forms of steel work may 
be traced ito a similar origin. On the other hand, 
this dees not explain why, in a piece of em- 
brittled boiler plate the rivets themselves 
should deteriorate. 

Viewing all the published evidence, the un- 
fortunate engineer whose boilers are subject 
to this peculiar form of trouble may well be 
puzzled. A consideration of the available date 
indicates, however, that two outstanding facts 
are prominent. One section of the scientists 
who have investigated the matter, appears con- 
vinced that the feed water is at the root of 
the trouble. Another section, on the other 
hand, point to undue stresses during manu- 
facture and assembling as being the primary 


cause of cracking. It seems logical therefore, 
that the person chiefly interested, i. e., the 
boiler user, should endeavour to counteract the 
evil by following the dictates of each school 
of thought, pending a more complete solution 
of the problem. When a new boiler is being 
constructed, the materials should be selected 
and controlled with the greatest care, and the 
workmanship strictly supervised. Again, in 
those cases in which the feed water employed 
contains some of the suspected salts, measures 
should be taken to eliminate or neutralise 
harmful ingredients on the lines suggested by 
Professor Parr and other workers. It is pos- 
sible, of course, that as a result of continued 
research, the explanation of the problem may 
turn out to be comparatively simple and, con- 
sequently, the need for elaborate precautions 
will largely disappear. The trouble as it is 
now understood must, however, be met, and 
efforts should be made to turn to practical 
advantage the scientific data accumulated up 
to the present time. 
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3. — Smoke box regulator for superheated steam locomotives. 
Fig. 1, p 820. 


When superheating has been applied to loco- 
motives, the regulator is as a rule kept in 
the usual position between the boiler and 
the superheater. The latter forms an inde- 
pendent part of the boiler. When the regu- 
lator is shut, the locomotive uses the steam in 
the superheater, and when running with a 
closed regulator the superheater is empty. 
Certain special arrangements-have had to be 
provided to preserve the elements. 

For some time American locomotives have 
been fitted with a regulator in the smoke box 
on the outlet side of the superheater. This 
then forms part of the boiler and is always 
full of steam. 


The advantages claimed for this arrange- 
ment are as follows : 


The engine answers the regulator more rea- 
dily. When the regulator is opened, the cyl- 
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inders are filled immediately. When it is 
closed the driving effort ceases at once, These 
features are especially noticeable when start- 
ing, if the engine slips and when shunting. 
They have still further importance as the 
volume of the superheater is made relatively 
greater. 

The auxiliaries of the locomotive can also 
be supplied with superheated steam at all 
times. This has-more value in the case of 
American locomotives where the number of 
fittings is great: turbine for head light, air 
pumps, water pumps, mechanical stoker, grate 
shaking device, ete. These are estimated to 
take 10 to 20 % of the boiler capacity. 

The life of the superheater should also be 
improved seeing it is always kept full of steam. 
It should be noted, however, that if this steam 
is not in movement, the protection it gives 
against burning of the elements is not very 
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effective. For the superheater to be efficiently 
protected, it should have steam flowing through 
it continuously. This would undoubtedly be 
more frequently the case when the locomotive 
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is fitted with the many auxiliaries found on 
American engines. 

Figure 1 shews the regulator combined with 
the header of the American Throttle Company. _ 


Fig. 1. 


EXPLANATORY NOTE : 


le eee a Aiea eee its = Dry pipe connection. 
743 GSB Wea Gabo “c = Steam compartment. 
Bee isle ao tree aa a ae = Pilot valve. 
dirs hk es Ve BAe ara = Header. 

Di. Shieh Renee res ameter’ = Stuffing box. 

RP atalino ot okaue = Operating shaft. 

(Cire seo is Slocu Be o- ea = Operating cam. 


The header is cast with an additional cham- 
ber in which the regulator is housed. The re- 
gulator consists of a number of valves mount- 
ed on the same spindles as the balancing pis- 
tons. There is another smaller valve fitted in 


Bile eeemeneiae . = Balancing chamber. 
1 cae eo cto: . . = Balancing piston. 
10'S eros cones ate = Throttle valve. 
bb TP non 10 lod. Abe = Steam pipe connections. 
12 it eearss ee = Flange or attachment of 
auxiliaries. 
5 IS Su orn Ceo ioe = Valve covers. 


parallel which opens first and allows steam to 
flow into the balancing chamber under the pis- 
tons. All the valves are operated by a hori- 
zontal cam shaft. 

E. M. 


